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Abstract 
The Development of a Best Practice Framework for the 
Implementation of Advanced Manufacturing Technologies within 
Low-Technology-Enabled Small & Medium Enterprises 
Rupert Lorraine BSc (Hons) 
In an increasingly challenging business climate, rapid developments in Advanced 
Manufacturing Technologies (AMTs) such as 3D Computer Aided Design (3D CAD), 
Computer Aided Manufacturing (CAM) and Computer Aided Engineering (CAE) create 
new opportunities for innovative firms to capture market share, and spearhead new 
directions and trends within their industrial sectors. 
This exploratory study examines the challenges faced by Low-Technology-Enabled Small & 
Medium Enterprises (L TESMEs), identifYing the characterisations that contribute to poor 
innovation performance and explaining how these can become manifested as barriers and 
constraints to technology uptake. A best practice model is developed to enlighten and guide 
decision makers in the implementation of AMTs - uncovering the underlying principles of 
successful technology adoption I exploitation, and effective change management. 
Linkages, such as the Knowledge Transfer Partnerships (KTP) scheme, are shown to 
facilitate L TESME access to technology; transferring the pre-requisite knowledge and 
expertise whilst mitigating the associated risks. A case study, comprising action research by 
the author, documents the implementation of a 3D CAD/CAM/CAE system in a 
traditional SME boatbuilding firm via a three-year KTP project. 
Despite their inherent problems, SMEs are found to be ideally positioned to exploit AMTs, 
provided they select an appropriate linkage - allowing them to match their needs to specific 
technological capabilities. This investigation illuminates the subject area, providing a 
framework for further study, whilst contributing to the growth and sustainability of SMEs. 
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Chapter 1 Introduction 
Chapter Outline 
This chapter aims to explain the area of research, outline the framework on which it has 
been based and introduce some of the main concepts, which are discussed in more detail 
throughout the later chapters of the thesis. 
The objectives of this chapter are to: 
1. Introduce Small and Medium Enterprises (SMEs), describing their definition, role 
and importance. 
2. Discuss the contemporary business challenges faced by SMEs and the importance of 
Innovation and Continuous Improvement in addressing the challenges. 
3. Introduce Advanced Manufacturing Technologies (AMTs) and explain their 
significance for contemporary SMEs. 
4. Discuss problems with the dissemination of AMTs into SMEs, and introduce the 
concept of the 'Low-Technology-Enabled' SME (LTESME). 
5. Describe the purpose and focus of this research, including the aims and objectives 
of the investigation. 
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1.1 Introduction 
According to the European Commission (EC) "the category of micro, small and medium-
sized enterprises (SMEs) is made up of enterprises which employ fewer than 250 persons 
and which have an annual turnover not exceeding €50 million, and/or an annual balance 
sheet toral not exceeding €43 million" [1]. 
SMEs play a central role in the European economy [1-6]. There are some 23 million SMEs 
within the enlarged European Union (EU); providing around 75 million jobs and 
representing 99% of all enterprises [7]. SMEs are considered an essential source of 
entrepreneurial skills, innovation and employment [1], they are thus crucial for fostering 
competitiveness in both the European and global economies. 
SMEs are extremely diverse, comprising all types of firms and operating across a broad 
range of industrial sectors. SMEs range from one-person, 'sole-trader' businesses to co-
operative enterprises [8]. Some SMEs are highly technology-focussed whilst others are 
involved in the provision of more traditional goods and services. 
According to Levy & Powell SMEs are "a volatile, yet vibrant part of the business 
environment throughout Europe" [9]. However, SMEs share many common industrial 
challenges and as Theng & Boon (and many others) have shown: they rend to have a high 
mortality rate [ 1 0]. 
It follows therefore that the successful establishment of SMEs and their subsequent 
evolution and development "has long been a source of interest and concern for researchers, 
governments and policy makers" [3]. 
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1.2 Contemporary Challenges for SMEs 
SME manufacturing firms face a number of common challenges which demand a rapid and 
strategic2 response in order ro maintain or increase competitive advantage and profitability. 
Goodman comments that there are a number of important social, political and economic 
issues affecting contemporary business [ 12]. Pressures such as globalisation, increasing 
competition, demands for increasingly complex and innovative products and processes, a 
faster response, shorter product lifetimes and continual technological development have 
made it increasingly difficult for organisations to compete effectively [13-16]. 
]ones & fain observe that companies who had previously been able to remain competitive 
without investing heavily in product and process innovation are now experiencing 
difficulties in the contemporary marketplace [15]. 
1.3 Addressing the Challenges 
Pressure from government, associated companies and customers has forced SMEs ro 
respond. Approaches such as the implementation of new technologies, improvement 
programs, process improvements, advanced management practices and the development of 
external relationships have been adopted and linked to higher performance in SMEs [11, 
16-19]. 
Hayes & Upton and Kennedy & Hyland suggest that enhanced operations capabilities can 
also allow small firms to compete successfully [11, 20]. Rouach suggests that SMEs need to 
"differentiate themselves from the larger enterprises, and become more innovative" in order 
to gain a competitive advantage [21]. 
2 According to Dftvi.,, business maregy is a design or plan for achieving a company's policy goals and objec!ives [ 11]. 
10 
Whatever their approach, SMEs face the prospect of managing significant organisational 
change in their attempts to remain competitive. Whilst some SMEs are able to respond 
faster to change than their larger counterparts, they also frequently lack the resources and 
experience necessary to deal with the 'realities' of change. 
1.41nnovation & Continuous Improvement 
Contemporary management thinking popularises two {quite different, but not mutually 
exclusive) main approaches for SMEs - 'radical change' through Innovation (the successful 
exploitation of new ideas) and 'incremental change' through Kaizen (continuous 
improvement processes) [ 15]. In realiry, both approaches are essential, but because this 
research is primarily concerned with the implementation of new and potentially disruptive 
technology, the focus of this investigation will be innovation (continuous improvement 
practices usually follow, being applied to iteratively enhance new systems once established). 
Barber assens that innovation is "not just about new technology" [22] - innovative activity 
can include the development of new business models and practices, the pursuit of new 
markets and new forms of organisation. He also suggests that innovative practices are self-
perpetuating in that new ideas can arise at any stage of the innovation process. 
Innovation is considered to underpin the performance of contemporary SMEs. Work by 
Porter linked innovation to competitiveness [23]. ]ones & fain observe that the "SMEs 
ability to innovate has an impact on its ability to survive in the long run" [ 15]. Lambert & 
Barber hold that "innovation in some form is essential for the growth and future 
profitability of all types of small firms" [24]. 
It must be acknowledged that in apparent contradiction to these findings, a number of 
organisations remain profitable even though they do not attempt to change their working 
practices over time. However, research by Lambert & Barber, Barber and Porter shows that 
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the oveiWhelming majority of SMEs are vulnerable to changes in their input and output 
markets (in economic, social and technological terms) and are therefore unlikely to 'survive 
and prosper' without adopting innovative approaches over time [8, 16, 22-24]. 
Lambert & Barber observe that in pursuing technological innovation, small firms rely on a 
combination of new technology generated I developed in-house and technology acquired 
from external sources [24]. They also note that the two sources are 'complementary' in that 
as the creative capacity of small businesses increases, so too does their capacity to seek-out, 
access, understand and absorb information from external sources. 
1.5 Advanced Manufacturing Technologies 
In order to address the challenges posed by the contemporary business climate, SMEs are 
becoming increasingly concerned with the potential benefits offered by a range of both 
emerging and established technologies. Technology has been shown to strengthen the 
individual performance, national development and international competitiveness of small 
firms [ 4, 25]. 
Technology can be broadly defined as the method or technique for converting inputs to 
outputs in accomplishing a specific task [26]. AMT is the collective term used to describe 
the application of new technologies, particularly those which are computer-based, in 
manufacturing processes. The term encompasses technologies such as Computer Aided 
Design (CAD), Computer Aided Manufacturing (CAM), Computer Aided Engineering 
(CAE), Computer Numerically Controlled Cutting (CNC), Robotics and Automation, 
and can also apply to Manufacturing Resource Planning (MRP) systems [14, 27-29]. 
AMT systems usually consist of two separate elements: hardware and software. Hardware 
typically refers to physical products, components or other tangible elements, whilst software 
refers to knowledge (both codified and tacit), skills, routines, techniques or procedures [22, 
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25]. To a great extent, the way in which these two facets are combined (and the 
appropriateness of this combination) determines success in any given application of AMT. 
SME access to AMTs has improved considerably in the last twenty years, mainly due to the 
falling cost of hardware coupled with increased processing power, the emergence of 
affordable 'Windows-based' software, improved means of communication {particularly e-
mail) and access to information via the internet. Despite this Lambert & Barber show that a 
significant proportion of industrial output (amongst SMEs} comes from firms with 
'moderate or low levels of technological sophistication' [24]. 
This research will focus on the implementation of design-oriented AMTs, specifically: 3D 
CAD (which is principally concerned with the enhancement of design capabilities} and the 
associated I integrated technologies of CAM and CAE (both of which are concerned with 
the automation of specific functions of the product cycle, and making them more efficient 
[14]). The integration of CAD systems with manufacturing activities has been shown to 
provide industry with large economic and commercial benefits [30]. These technologies are 
discussed in more detail throughout subsequent sections of the report. 
It should be noted that in the context of this research investigation, the 'implementation' of 
AMT refers collectively to the following activities: specification, identification, selection, 
acquisition, implementation and embedding. 
1.6 The Significance of AMTs for SMEs 
The benefits of adopting AMTs are extremely diverse and far-reaching. For example, ]ones 
& fain observe that AMT can allow SMEs to compete more effectively with larger or more 
successful organisations via the eradication of certain advantages such as in-house sales and 
marketing capabilities, more efficient manufacturing capabilities etc. [I 5]. 
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Effectively implemented AMT produces technically superior products whilst reducing 
design and production lead-times [13]. Meredith showed that SMEs can use AMT to 
improve competitiveness through faster innovation and production, increased flexibility 
and reduced costs [27]. }ones & fain also observed productivity and efficiency 
improvements, reduced waste, long-run cost savings and enhanced performance [15]. 
Rouach found that new technology can help SMEs overcome diseconomies of scale 
(allowing them to compete with larger organisations) as well as improving the flow of 
information between organisations (enhancing their collective ability to adapt) [21]. 
}ayaraman & AgrawaL also observe that AMT can strengthen both the national 
development and international competitiveness of firms [25]. 
The development of AMT has also led to the integration of product development (design) 
and manufacturing engineering (production) functions, which has had a considerable 
impact on manufacturing management in general [31, 32]. 
1.7 SME Barriers & Constraints 
SMEs tend to display distinctly different characteristics to their larger counterpartS in terms 
of structure, culture, behaviour, focus and strategy: Kennedy & Hyland observed a 
'considerable body of literature' reporting on the differences between large organisations 
and SMEs [11]. Estrin et aL. describe these differences as 'limitations' which can manifest 
themselves as constraints or barriers to technology uptake [33]. 
Lybaert suggests that the majority of limitations can be attributed to the size of the SME, 
arguing that larger firms are 'less constrained' due to their considerable internal resources, 
particularly with regard to finance, management and their knowledge base [2]. The EC 
observes that "undertaking the research and development needed to put innovative ideas 
into practice is often much harder for SMEs than for large firms" [8]. Rouach suggests that 
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this is due to their relative lack of in-house skills, expertise and technological development 
[21]. Large organisations are also at a significant financial advantage over most SMEs, with 
better access to human capital resources [21, 34-36]. 
However, Windrum & Berranger dismiss the notion that organisational performance can be 
simplistically linked to firm size in order to explain differences in competitive or innovation 
performance, or rates of technological adoption [36]. Other, potentially more relevant 
factors must be considered, including sector-specific issues, access to resources, market 
conditions, market position and technology-specific issues [23, 35, 36]. 
Koc & Bosdag comment on SME issues, risks and barriers to adopting AMT - identifying 
five major categories: lack of information, lack of expertise, perception that advanced 
technologies are not affordable, pressure to be productive and lack of fit [37]. 
}ones & fain suggest that SMEs have reduced access to technological information, and may 
lack the financial and personnel support needed for technological research and 
development. They also suggest that SMEs have less ability to absorb the costs and risks 
associated with new technology [15]. 
Rouach asserts that "SMEs usually cannot catch up with the latest technology, obtain 
appropriate and correct information, nor fully utilise the information they have" [21]. }ones 
& fain found that the 'active monitoring' of technological development was an essential 
facror in SME survival [15], bur one that is often neglected. 
Corso et al. identify four primary limitations for technology uptake in SMEs - availability of 
human and financial resources, inability to rely on external sources of expertise, a lack of 
strategic planning for the application of technologies (in other words, a primary focus on 
short-term solutions) and the 'cultural Jag' experienced due to high internal resistance [19]. 
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1.8 The Dissemination of AMTs into SMEs 
There are a number of organisational, structural, management and strategic implications 
for SMEs engaged in the implementation of AMT. As Chorafas observes, "implementing 
CAD/CAM is an activiry vastly greater and more complex than purchasing equipment or 
software ... the key problem is the change that must take place within the organisation" [32]. 
Research indicates that success or failure is related to a number of factors, most notably the 
level and qualiry of planning activities employed in the early stages of implementation i.e. 
the way in which organisational change is handled rather than the technological change 
itself [31]. 
}omson suggests that organisations should consider the need for a supporting infrastructure 
in order to fully exploit the potential of AMTs [28]. Castrillon & Cantorna found that 
"shortcomings registered in (AMT) are frequently the result of insufficient attention to 
company organisation, infrastructure and maintenance" [38]. 
In response to the difficulties faced by SMEs arrempting to interface directly with AMTs, a 
number of 'linkage mechanisms' have emerged. These linkages are rapidly becoming 
essential pathways for the dissemination of technological knowledge, and hence new 
technologies, into industry. Brychan comments on the importance of "fostering 
technological knowledge and establishing network links from external sources such as 
universities and research providers for the dissemination of know-how into SMEs" [39]. 
Fundamentally, both the new technologies and the linkage mechanism must be appropriate 
to each other, and the needs of the business. Pursell defines 'appropriate technologies' as 
those which are "inexpensive, easily maintained, suitable for small-scale application, 
compatible with ones need for creativiry, and relatively easy to learn to use" [40]. Rouach 
expands on this concept, commenting that appropriate technologies match the wants and 
needs of an organisation in terms of levels of knowledge, commitments and financial 
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constraints [21]. The definition of'appropriate linkage mechanisms' is less straightforward, 
but includes those which are inexpensive, efficient, mutually beneficial, low-risk and 
sympathetic to the constraints of the SME. 
There are two key processes involved in the dissemination of new technologies into 
industry - Technology Transfer (TT) (active I planned dissemination) and Technology 
Diffusion (TO) (passive I natural dissemination) [21, 39]. In reality both processes are 
inextricably linked, and usually always occur together. In order to support the development 
of a best practice framework this investigation will focus on dissemination via TT. 
TT is regarded as an important route to increased competitiveness within manufacturing 
firms of all sizes. Brychan observes that this is particularly true for SMEs, who have the 
advantages of flexibiliry, dynamism and responsiveness [39]. However, as Rouach points 
out, "benefits will be achieved only if the companies select the right technology and the 
right strategy, and understand the process of (TT)" [21]. 
Lambert & Barber assert that the processes of innovation and TT are also inextricably 
linked [24]. Rouach suggests that SMEs should "integrate technology transfer into their 
overall strategy" [21] and closely monitor new technological developments- drawing on a 
number of sources including government agencies, consultants, suppliers, competitors and 
customers. Barber also proposes a number of sources for new technology I knowledge 
including in-house Research and Development (R&D) (either collaborative or bought in), 
universities and other Higher Education Institutions (HEis), Public Research 
Organisations (PROs), customers, suppliers, competitors, reverse-engineering, systems 
integration and 'learning by doing' [22]. 
]ones & fain observe that TT can allow companies to "benefit from research and 
development conducted by external organisations or subsidiaries, while avoiding exposure 
to the costs and risks associated with in-house development" [15]. However, they also 
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observe that SMEs find IT difficult due to their lack of established contact networks, on-
going relationships with large research organisations and available personnel dedicated to 
the task of scanning for technological developments and potential technology partners. 
It is therefore essential that organisations strategically plan the introduction of new policy, 
technology or processes, in order to ensure the benefits are delivered, and a Return On 
Investment (ROI) is achieved [11], whilst minimising the associated 'risk of adoption' [21]. 
Research by Kennedy & Hykmd showed that SME change efforts (via linkage pathways) do 
not always provide the desired results [11]. Organisations cannot rely on simply lifting an 
approach out of context, and instead must develop their own company-specific systems. 
It is also crucial that any solutions considered must have the potential to become 
permanent, and that SMEs avoid the 'tendency to focus on short-term solutions' identified 
by Corso et al. [19]. 
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1.9 Purpose & Focus of the Research 
Linkages 
Needs Capabilities 
Barriers 
LTESMEs Low-Technology-Enabled Small & Medium Enterprises 
AMTs (Design-Oriented) Advanced Manufacturing Technologies 
Figure 1. The Research Context 
Figure 1 illustrates the conceptual framework around which the research will be based . 
Research has shown that the contemporary business pressures facing L TESMEs force them 
towards the adoption of AMTs in order to enhance or ma.intain their competitive 
advantage. However, a number of barriers appear to preclude their direct access to these 
technologies. Linkage mechanisms (such as TI) have emerged to bridge the gap between 
individual business needs and specific technological capabilities, providing LTESMEs w ith 
the requisite knowledge to overcome their barriers whi lst offering guidance in all aspects of 
the implementation of new technology. 
H owever, there is a substantial lack of research in this area which addresses the specific 
needs of the L TESME. This investigation aims to make some progress towards redressing 
the balance by illuminating the overall subject area and providing L TESME managers with 
clear and practical implementation guidance. 
It is hoped that this investigation (and further research in this area) will help to enhance the 
competit iveness of L TESM Es through more effective technology uptake; hence supporting 
their continued growth and development. 
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1.9.1 Research Aim 
The aim of this research is to examine the features of contemporary AMTs, L TESMEs and 
the various linkage mechanisms available to them in order to develop to a more realistic 
and accurate understanding of the key factors. The research will also contribute to the 
development of a best practice framework (in the form of a model and associated guidance) 
for the implementation of AMTs within LTESMEs. 
1.9.2 Research Objectives 
The objectives of this investigation are to: 
1. Characterise L TESMEs in terms of technology, structure, management, behaviour, 
infrastructure and processes, culture, strategy and access to financial resources. And 
examine how these features can manifest themselves as barriers or constraints to the 
uptake of AMT. 
2. Examine the features, characteristics, capabilities, benefits and associated challenges 
of contemporary design-oriented AMTs, and the various ways in which these can 
be leveraged by SMEs to gain competitive advantage. 
3. Identify the primary knowledge sources and various types of linkages available to 
assist in the dissemination of AMT into LTESMEs. 
4. Discuss change management concepts, and issues within L TESMEs. 
5. Case study the implementation of AMT within one SME manufacturing firm via a 
formal linkage with an HEI. 
6. Develop a model and associated guidance to assist LTESME managers in the 
implementation of AMT. 
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Chapter 2 Research Design 
Chapter Outline 
This chapter aims to introduce some of the basic principles and concepts of contemporary 
academic research and describe the way in which this particular investigation has been 
designed and carried out. 
The objectives of this chapter are to: 
l. Introduce some basic principles and fundamental components of academic research 
including: the nature of learning, investigative approaches to research, research 
outcomes and research validity. Their influences on the selection of an appropriate 
research methodology for this investigation will also be examined. 
2. Define and discuss the research design I methodology used for this investigation, 
including specific techniques and approaches, sources and nature of the data. 
3. Comment on the validity and limitations of the proposed design I methodology. 
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2.1 Introduction 
The word 'research' originates from the French recherche - 'the act of searching closely'. 
Contemporary academic researchers seek to answer important philosophical and scientific 
questions based on a critical analysis of the various sources of information available to 
them, which is presented in the form of a 'thesis' (from the Greek thesis- 'a proposition'). 
Research investigations benefit from the application of a detailed plan and formal structure, 
commonly referred to as the 'research design'. The first step in developing a design for this 
study is to define, in the broadest possible terms, the central 'research question' that the 
investigation will attempt to answer. For this investigation the initial research question is: 
"What factors affect the implementation of AMTs within LTESMEs?" 
However, as Creswe/1 observes, this question is likely to evolve and change throughout the 
investigation, and new questions will emerge [41]. To address this he encourages the 
identification of a 'framework' for the researcher to work flexibly within, which addresses 
the knowledge claims\ strategies of enquiry, and methods of data collection and analysis. 
A number of factors influence the formation of Creswell's framework including: the 
circumstances in which the investigation is undertaken, the limitations of the investigation 
(or the way in which data is collected), aspects of the phenomenon itself as well as the 
availability and relevance of information [41]. It will be essential to address each of these 
issues in order to develop the framework for this investigation. 
In addition, it will be beneficial to explore in greater detail some key research concepts -
including rhe nature of learning, research outcomes and validity (see Appendix 1) and 
investigative approaches to research - in order to develop the overall research design. 
' Cmwtll explains that, in a scientific context, 'knowledge claims' are the views held by the researcher. Knowledge claims 
may be based on information from two main sources - primary (the author's own novel understanding and judgement) 
and secondary (knowledge proposed by others) [41]. 
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2.2 Investigative Approaches to Research 
Creswe/1 describes the use of a 'theoretical lens or perspective' to guide research 
investigations, and identifies three distinct approaches: quantitative, qualitative and mixed 
methods4 [41]. 
Quantitative research, according to Golafihani and Hoepjl, involves the use of experimental 
methods and quantitative results to test hypothetical generalisations [46, 48]. Bogdan & 
Bik/en explain that the emphasis is on 'facts and causes of behaviour' [49] or in other words 
'cause and effect'. Quantitative studies therefore rely heavily on objectivity and impartiality. 
In contrast, the qualitative approach, according to Creswe/1, is 'fundamentally interpretive' 
and useful for those seeking 'broad panoramic views' of their topic, rather than 'micro-
analyses' [41]. Qualitative studies tend to be highly subjective, allowing the researcher to 
take into account their particular insights in order to draw conclusions. Meredith et al. 
observe that whilst objectivity is valuable for prediction, the goal of research is 
understanding, and so subjectivity also has its place [42]. 
The qualitative approach is particularly appropriate for this investigation, and will therefore 
be examined in greater detail throughout the following sub-section. 
2.2.1 Qualitative Research 
Creswe/1 observes that qualitative research is 'exploratory' and useful when the researcher 
does not know the important variables to examine, the concept is 'immature' due to a lack 
of relevant research or when existing research is thought to be inaccurate, inappropriate, 
incorrect or biased [41]. He also notes that qualitative research takes place 'in the natural 
setting' and uses multiple methods, which are both 'interactive' and 'humanistic'. 
4 A mixed methods approach, as the name suggests, uses a combination of quantitative and qualitative methods. 
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( Gather information ) 
.....o---
(Analyse data to form themes or categories) 
.....o---
Look for broad patterns or generalisations 
.....o---
( Relate to past experience and literature ) 
Figure 2. The Inductive Logic of Qualitative Research [41] 
Figure 2, which is adapted from Creswell, shows the ' inductive logic' of the qualitative 
approach. He observes that the end-point of qualitative investigations tends to vary, and in 
some cases may be limited to a 'broad explanation' of the subject [ 41]. 
Creswell also observes that "the strategies of inquiry chosen in a qualitative project will have 
a dramatic influence on the procedures" [41]. H e views the qualitative approach as 
'emergent' rather than 'tightly prefigured' allowing room for the researcher "to be 
innovative and to work more within researcher-designed frameworks". 
2.3 Methodology for this Investigation 
The aim of this investigation is to answer the question - "what factors affect the 
implementation of AMTs within LTESMEs?" - in order ro illuminate the subject area for 
subsequent research, whilst contributing to the development of a best practice framework 
which is intended to enlighten and guide LTESME decision makers I operational managers 
involved in the implementation process. 
Mixed Methods 
Quantitative ffi Qualitative 
Research <IIIC:---------If-----/-+W+!~-+) Research 
This Study 
Figure 3. Approach for this Investigation 
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Figure 3 indicates the position of the study on the spectrum berween purely quantitative, 
and purely qualitative research. As the subject of this investigation is relatively immature 
(based on the apparent lack of relevant, targeted research) and very situational, involving 
people and processes, a primarily ' interpretive', qualitatively-biased approach is required5• 
2.3.1 Contribution to the Research Cycle 
As has been proposed in Appendix 1, research can be viewed as a cyclic process which 
iteratively moves towards a more detailed explanation of a phenomenon. Meredith et al. 
comment on the importance of "employing a plurality of research methods" within the 
cycle, and describe the simultaneous use of multiple methods as ' triangulation' -which can 
lead to increased robustness and confidence in the results [42]. The appropriateness of a 
particular combination of research methods is determined by relevance to the problem 
under investigation, and the circumstances under which the research is undertaken. 
literature Review 
Case Study 
(Description J Action Research 
Exploratory 
Research 
Conclusions 
Testing 
Validation by Panel 
Validation by Case Study 
D 
Start 
Delphi/ 
Expert Panel 
Introspective 
Reflection 
Explanation 
Development 
of the Framework 
Figure 4. Proposed Research Cycle [42, 43] 
0 Covered by this Investigation 
0 Not Covered by thislnvestlgollon 
' Mtudith tt al commenr rhar the implementation of new technologies "is an area that lends itself particularly weU to the 
use of the inrerpretive paradigm" [42]. 
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Figure 4 (adapted from Hobbs) shows the proposed research methodology for this 
investigation superimposed on Meredith et al. s research cycle. Although the proposed 
methodology fulfils their requirement for triangulation I plurality (the use of multiple 
methodologies) the investigation will not cover a complete revolution of the cycle. 
The descriptive phase will concentrate on identifYing key characteristics and contributing 
factors within the phenomenon. For example, the various organisational barriers and 
constraints to technology uptake present within L TESMEs, as well as the range of available 
linkage mechanisms. The explanatory phase will be based on analysing the knowledge 
gained in the description, leading to the development of the best practice model. 
The testing phase (undertaken as part of a separate future study) will be used to validate the 
findings of both the descriptive and explanatory stages. This could be achieved using a 
variety of techniques including a Delphi I expert panel (comprised of industrialists I 
technology managers with relevant experience) to review the findings of the investigation 
and assess the extent to which the members agree or disagree wirh the proposed framework. 
Retrospective testing of the model against the case study (which is partly covered by this 
investigation) could also be legitimately used to demonstrate 'internal validity'. 
The main components of rhe proposed research cycle will be examined in greater detail 
throughout the following sub-sections. 
2.3.2 Literature Review 
A broad, thorough and critical review of the current literature relating to L TESMEs, 
AMTs, linkages and change management will be undertaken in order to highlight the 
significant factors, and assess the extent to which this subject has already been addressed by 
the research community. Creswe/1 observes that (in qualitative research) the literature 'helps 
to substantiate the research problem' without constraining the views of the researcher [ 41]. 
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2.3.3 Case Study 
Case studies are used to investigate a specific phenomenon through an in-depth, limited 
scope study [42]. They allow real operational experiences to be compared and contrasted 
with existing theory, and for new theories to be generated directly from the data. Case 
studies tend to produce highly qualitative data. 
The breadth of case study investigations can vary dramatically. For this investigation the 
case study is restricted to a single site, documenting the implementation of a 30 CAD 
system within Kingfisher Boats Ltd. over a three-year period. 
The aim of the case study will be to accurately record the implementation, including the 
results and lessons learned, and to assess the extent to which the findings of the literature 
review hold true. This will be a 'longitudinal case study' (involving repeated observations 
over an extended period) allowing for the study of processes and developments in real-time. 
2.3.3.1 Ethnographic, Holistic & Reductionist Aspects 
Case studies are an example of ethnographic research methods, which are commonly used 
in human social research. Ethnography is the study of people or processes in their natural 
context, and is based on the assertion that a phenomenon cannot be understood purely by 
observing its component parts6• 
This view is echoed in the related concept of'scientific holism'- the idea that the properties 
of a given system cannot be determined or explained by its component parts alone, and that 
the system as a whole must be examined in order to determine how the parts behave. 
In contrast, the 'reductionist view' insists that any complex system can be explained by 
reduction to its fundamental parts. Despite their apparent contradiction, the views are 
6 AffirmingAristotks rhetorical notion that "the whole is more than the sum of its parrs" [44]. 
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complementary - using a combination of approaches will result in a better account of a 
given system. Hence the combination of literature review (reductionism) and case study 
(holism) will help to provide robustness in the results of this investigation. 
2.3.4 Action Research 
Action research describes the direct involvement of the researcher with the phenomenon 
under observation. For industrial studies this usually involves the comparison of research 
theory with the activities occurring within a firm. It is possible for the researcher to 
consciously and/or unconsciously influence the situation whilst collecting data and 
observing the various dependant variables. 
Meredith et al. cite several advantages of action research, including the immediacy of the 
results and their relevance to the organisation/s involved in the study [ 42]. Creswetl also 
comments that there may be "a strong personal stimulus for (the researcher) to pursue 
topics that are of personal interest" [ 41]. 
2.3.4.1 The Author's Position within the Action Research 
This research investigation was undertaken part-time whilst the author was managing a 
three-year TT project between the Universiry of Plymouth and Kingfisher Boats Ltd. to 
implement a new 30 CAD system and exploit CAE I CAM outputs. 
Throughout this period the author was exposed to prolonged contact with staff at every 
level throughout Kingfisher Boats Ltd. and the Universiry of Plymouth, as well as 
individuals from competitors, suppliers, collaborating organisations, other HEis and 
advisory groups such as the DTI South West Manufacturing Advisory Service (SWMAS). 
This has provided the author with a unique opportuniry to influence, as well as observe, the 
issues surrounding the implementation of AMT within a small firm - whilst building 
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rapport and credibility with those involved. The experience has significantly enhanced the 
author's understanding of the issues facing LTESMEs as well as building empathy for the 
'small businesses perspective' of the issues examined by the investigation. 
2.3.5 Personal Experience & Introspective Reflection 
Introspective reflection requires the researcher to reflect on their own experience in order to 
describe, explore, formulate concepts about or evaluate some situation of interest. In this 
approach the researcher is analysing his I her own impressions, rather than someone else's. 
Despite its effectiveness, it can be difficult to control the bias of the researcher (i.e. personal 
opinions and judgements). For this reason, introspective reflection is often poorly regarded 
by the wider research community. However, when properly used, Meredith observes that 
the technique can be "highly productive, especially when used in conjunction with action 
research or some other real-world involvement by the researcher" [45]. 
Cresweil observes that in qualitative studies, the researcher systematically reflects on their 
position within the enquiry and how it is likely to shape the research. He comments that 
the qualitative researcher uses complex reasoning which is multi-faceted, iterative and 
simultaneous, acknowledging the influence of the researcher's own personal training and 
experiences, which he refers to as 'naturalistic generalisations' [41]. 
2.3.6 Analysis 
Meredith et al. explain that the purpose of analysis is to evaluate factors, make comparisons, 
note apparent contradictions, observe similarities, make inference and generally gain insight 
into problems [42]. In this investigation, analysis of the case study should reveal the 
significance, or lack thereof, of factors identified within the descriptive stages. 
29 
Meredith et al. also stress that analysis is always from a particular perspective, over a given 
period of time. As has already been observed: technological developments tend to occur 
rapidly, and the validity or relevance of research can diminish as new challenges and 
solutions emerge [ 42]. 
2.3.7 Development of the Framework 
Chapter 3 
literature Review 
Chapter4 
Case Study 
Best Practice Framework 
Figure 5. Devdopmeot of the Framework 
Figure 5 shows how the best practice framework wi ll be developed. The insights provided 
by the literature review will be combined with the knowledge acquired during the case 
study in order to develop a best practice model for the implementation of AMTs within 
LTESMEs. 
The development of the model will be an interpretive process, heavily influenced by the 
author's own views and opinions. As a result, the validity of the model is likely to be highly 
questionable without further testing. Collectively, the various components of the 
investigation highlighted in figure 5 will provide a balanced conceptual framework around 
which new studies I future investigations can be designed. 
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2.4 Limitations & Validity of the Investigation 
It is crucial w acknowledge the extent to which this investigation is likely to yield valid 
results. As a result of the breadth of scope of this study, and the complexity of the 
phenomenon under investigation, it is unlikely that every aspect will be examined and 
validated to the fullest possible extent. 
One of the major strengths of this investigation is that it is partly based on information 
obtained 'first-hand' whilst the author was engaged with the process of 1T into an 
LTESME - as stated by Meredith et al. "clearly the most valid information is that obtained 
by direct involvement with the phenomenon" [42]. 
However, whilst this approach is likely to allow unusual aspects of the phenomenon w be 
observed, there are limitations: Creswell notes that the involvement of the author with the 
phenomenon under investigation raises a number of strategic, ethical and personal issues 
which should be acknowledged [41). For example, the researcher may be seen as 'intrusive' 
and there may be compromises in their abiliry w disclose confidential information. 
Furthermore, the objectivity of the author is likely to be questionable, and the results may 
be subject to biases in the form of personal interpretation and/or opinion. 
Both action research and case studies are highlighted by Meredith et al. as 'natural research 
methods' [ 42). It is therefore anticipated that, whilst the data collected is likely to be highly 
'internally valid' (as it is based on direct involvement with an implementation of AMT) and 
current (as it has been undertaken in real-time, and to-date), the results are likely w be 
highly variable and less easily transferred to other contexts (external validity). 
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2.5 Summary 
This research will be a primarily qualitative investigation intended to contribute to the 
description and explanation phases of Meredith et al. s research cycle [42]. Testing of the 
findings will form part of a future study. 
The research will seek to identifY the factors affecting the implementation of AMTs within 
L TESMEs, leading to the development of a best practice model to enlighten and guide 
decision makers I operational managers. 
Referring back to the requirements of Creswells framework for research [4I](section 2.1), 
the 'primary knowledge claims' for this investigation will derive from the author's first-
hand experience of the implementation of an AMT system within an L TESME throughout 
the case study. The 'secondary knowledge claims' will derive from a critical analysis of the 
literature. In addition to the literature review, the 'strategies of enquiry' will encompass a 
case study and action research by the author. 
The 'methods of data collection and analysis' will include direct observation throughout the 
case study and action research, and introspective reflection by the author. The development 
of a best practice model from the findings of the previous stages will attempt to interpret 
the results. 
The validity of the investigation will be primarily attributed to the author's position within 
the study. Although this should yield highly 'internally valid' observations, the associated 
bias must be acknowledged. Furthermore, as the testing phase will not be carried out, the 
external validity of the results might be questioned. 
It is also likely that the investigation will highlight areas for further exploratory research, or 
more detailed study, which will be proposed in chapter 6. 
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Chapter 3 Literature Review 
Chapter Outline 
This chapter aims to examine the literature relating to L TESMEs and AMTs. The various 
sources of technological knowledge and expertise will be reviewed alongside the linkages 
that can facilitate LTESME access to new technologies. A broad review of the principles of 
change management will also be presented. 
Section 3.4 Change Management 
Barriers 
Section 3.1 Section 3.2 
Figure 6. Structure of the Literature Review 
Figure 6 outlines the structure of the literature review, and shows the order in which each 
element of the research context will be examined throughout the subsequent sections. 
Presenting the literature review in this compartmentalised manner aims to enhance clarity 
and understanding. It is acknowledged that as a result, some 'overlaps' or complex inter-
relationships present between the main elements may be outside the scope of the study. 
The main findings of the literature review will be summarised in section 3.5. 
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Section 3.1 
Low-Technology-Enabled SMEs (L TESMEs) 
3.1.1 Introduction 
Windrum & Berranger suggest that the SME definition7 is "problematic since it places 
under one roof companies that differ enormously in nearly all conceivable dimensions, not 
only in terms of numbers of employee and turnover but also in their business activities 
(manufacturing and services), degree of international exposure, customer bases, sector 
characteristics and technological sophistication" [36). 
The current SME definition covers an extremely large and diverse range of organisations, 
operating across a vast range of industrial sectors, it cannot be used to differentiate berween 
the varying technological levels of firms, nor does it take into account other significant 
factors such as ownership or the 'character' of organisations, cultural aspects, management 
styles or entrepreneurial tendencies. Therefore, for the purposes of this research, a new 
definition was required, to group SMEs in relation to their potential to successfully 
implement AMTs. 
The LTESME definition attempts to group SMEs that display a combination of 
organisational, behavioural, financial and cultural characteristics which have resulted in: 
relatively low levels of technology uptake, a lack of technology-specific knowledge and 
expertise, and inappropriate selection and application of new technologies. 
7 
"Enterprises which employ fewer 1han 250 persons and which have an annual !Urnover nm exceeding €50 million, 
and/or an annual balance shee! 101al no! exceeding €43 million" [I]. 
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3.1.2 Characterisation of L TESMEs 
Figure 7. LTESME Characteristics 
This section aims to identify the main characteristics of LTESMEs that have been shown to 
inhibit their ability to successfully adopt and exploit new technology. Figure 7 highlights 
the main areas which were identified within the literature and that will be examined 
throughout the following sub-sections. 
1. Lack of Technology 
Both Thong & Yap and Estrin et al. found that a high proportion of manufacturing SMEs 
lack 'required technologies' such as CAD/CAM/CAE, high-speed communication 
networks, and enhanced process management and control tools [33, 46]. Enzenhofer & 
Chroust suggest that SMEs initially struggle to identify appropriate systems due to their 
unstructured procedures for analysing business needs, and subsequently fail to fully 
understand the operational aspects once they have been implemented [ 47]. 
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In a study examining small business needs, Scientia reported that pressure to adopt 
technology usually comes from the outside [48] which is consistent with later findings 
concerning the traits of typical SME owner-managers. The introduction of new technology 
implies that a host of related activities such as training will also be required, and this can act 
to further dissuade SME managers from pursuing technological change. 
Resistance may not always come from within the organisation. For example, customers may 
also resist change efforts for a variety of reasons (particularly if they may have to 'share' 
some of the cost of the implementation). Concerns may also exist over the longevity of 
technologies or their service providers - this is particularly common in the software market, 
where technologies are superseded relatively quickly. Other research has shown that a 'fear 
of the unknown' is a significant contributing factor towards low technology uptake in small 
businesses [4, 49-51]. 
Furthermore, advances in technology tend to occur rapidly, whilst the rate of 'acceptance' 
of new technology within SMEs is relatively low. Many SMEs tend to be comfortable with 
their existing technologies (so-called 'legacy systems') and will continue to work with them 
for as long as possible in order to avoid the risks of implementing new technologies -
particularly the risk associated with 'transition' from old to new systems. 
jones-Evans comments on the disadvantages experienced by SMEs which are related to a 
lack of technology, showing that these could lead to problems both in their ability to source 
technology appropriate to their needs as well as their capability to absorb it into their 
organisation, and diffuse it into their industrial sector [52]. 
A lack of technology amongst small firms can also lead to a 'technology gap' between 
organisations, precluding their involvement on certain projects. For example, a supplier 
providing manually operated sheet metal cutting services who moves to CNC technology 
may no longer be able to work with customers who do not have CAD capability. 
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2. Structure, Management & Behavioural Issues 
Small Business 
Owner-managed with 
few layers of management 
Micro-management of employees 
Informal processes 
Short-term planning horizon 
Low external input 
Equity held by founder I family 
Small customer base 
Umited personnel 
development opportunities 
Low borrowing requirement -
government support possible 
Medium Business 
Owners plus professionals 
In key leadership roles 
Empowerment of employees 
Formal processes 
LDnger-term planning horizon 
External input from professionals 
Wider equity base 
Diversified customer base 
Culture enables employee I management 
development 
Borrowing needed long-term I funding 
available shorter term 
Large Business 
Professional management 
Freedom to act within corporate 
guidelines 
Formal structures and processes 
Short-term results /long-term planning 
horizon 
Governance structure separate from 
management 
Diversified equity base 
Diversified markets with 
diversified customers 
Multiple career development paths 
Wide pool of funding sources 
Table 1. Size-Related Organisational Characteristics [53] 
Table 1 illustrates some of the main differences between firms of different sizes. SMEs tend 
to have small management teams, loosely defined organisational structures and a lack of 
dedicated departments for areas such as IT. There is an emphasis on day-to-day operations 
and immediate concerns. LTESMEs owner-managers tend to have little rime for formal 
planning and 'strategy' [9, 33, 54, 55], nor do they appreciate the need for rigorous 
management information [ 48]. 
Despite being extremely familiar with their products, market and customers, SME 
managers may suffer from a lack experience and knowledge in other business areas [56]. As 
Thong & Yap observe, SME managers "may not understand the relationship among 
business and operational processes, the software technologies that can streamline those 
processes or the ability of those technologies to serve as a strategic asset" [ 46]. 
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Hence the SME manager is likely to be absorbed with the day-to-day running of the 
business and less engaged in any potential application of technology, or the decision-
making process required to implement it [33, 46]. Enzenhofer & Chroust found that this 
can lead to excessive time needed to make IT decisions [47]. The management style within 
the L TESME therefore tends to be one which either actively or passively hinders the 
process of innovation with regard to technology uptake. 
2.1 The Owner-Managed SME 
To a great extent, the behavioral characteristics of SMEs stem from the fact that many 
small businesses are owner-managed. The owner-manager is a considerable force within the 
small firm; Lefebvre et al. found that the personal characteristics of SME CEO' s (in terms of 
personality and decision making styles) were positively correlated with innovativeness [57]. 
However, owner-managers may also display reluctance, or even a resistance, to 
implementing change or taking in external help [2). Sma//bone suggests a number of 
reasons for this behaviour, including: doubts over 'value for money', scepticism about 
generalist advice (particularly where the advice is offered by those lacking detailed sector-
specific knowledge), and a preference for 'autonomy' in the running of the business which 
could be threatened by a reliance on external advice [58]. 
When technology uptake does occur, the emphasis is usually on cost-saving, efficiency and 
effectiveness, rather than investment [48]. Owner-managers need to be convinced to 
introduce technology [56]. Krumwiede & Sheu found that a lack of upper management 
support posed a significant problem in introducing statistical process control in small 
businesses [59], other studies encountered similar problems in the adoption of total quality 
management [60] and Just-In-Time OIT) manufacturing [61, 62]. 
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In contrast, a study by Haksever found that the implementation ofTQM in small firms was 
made easier by the informal style of management within SMEs and the leadership qualities 
of owner-managers [56] - so the influence of the organisational structure and management 
style is not always negative. Despite the risk of poor performance in terms of actively 
'seeking-out' or embracing technology, once a decision is taken SMEs managers can often 
bring about change more quickly than is generally possible in larger organisations. 
Haksever also suggests that small businesses tend to have fewer layers of bureaucracy, are less 
geographically dispersed, have shorter communication lines, and are less bound by tradition 
than their larger counterparts [56]. Estrin et al. observe that SME owner-managers are 
"under tremendous pressure to be productive" [33] leading them to respond rapidly to 
change, with an emphasis on activities I purchases directly affecting profitability. 
2.2 SME Flexibility 
Organisational flexibility relates to the extent to which organisations are able to respond to 
their external environment [63]. Flexibility is an essential factor for successful innovation 
within firms of all sizes. SMEs tend to display more flexibility than their larger 
counterparts, and several areas of research support this view. Levy & Powell, amongst 
others, hold that flexibility is one of the 'defining characteristics' of SMEs [5, 9, 55, 64]. 
Manoochehri suggests that SME flexibility can be largely attributed to their low 'labour 
specialisation', small production volumes and a tendency for participatory decision making 
[62]. Levy & Powell also cite several reasons for greater flexibility amongst SMEs, including: 
the considerable knowledge of SME owner-managers, relatively flat management structures, 
an absence of bureaucracy, as well as a tendency for SME production runs to be small 
(leading to greater flexibility in terms of responding to changes in demand) [9]. 
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Technology and information systems clearly influence organisational flexibility; however, 
several studies have shown that the other factors (including people, organisational strucrure 
and management style) potentially have a greater impact [5, 9, 36, 55, 65]. Levy & Powell 
also comment on research undertaken by Carrie et al. which suggests that organisational 
flexibility can be largely attributed to people, rather than processes and systems [66]. 
3. Organisational Infrastructure & Process Issues 
SMEs generally exhibit informal rules and infrastructures. Thong & Yap comment on the 
tendency for small businesses to rely on so-called 'tribal knowledge' i.e. a combination of 
knowledge, experience and expertise that is transmitted between employees via informal 
pathways [46]. They also found a lack of documented procedures and effective 
communication channels within SMEs. 
Evam showed that rapid organisational response to changes in both the environment and 
technology requires flexibility both in strategic processes and in organisational 
infrastructures [67]. SMEs, with their relatively informal structures, therefore display a 
good propensity ro be flexible in response to new technology or working practices. 
4. Cultural Issues 
Organisational culture is a significant, but hard to define force within organisations of all 
sizes. Cultures are usually described in relation to 'patterns of behaviour' within 
organisations, as well as the mechanisms (either formal or informal) that can influence 
behaviour and perception. 
In simple terms culture can be thought of as 'the sum of the shared values and beliefs of 
members of an organisation' or the accepted views and working practices which are 
naturally transferred to new employees either formally or informally. 
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Perhaps due to the prevalence of the owner-managed SME, their organisational cultures 
tend to be distinctly 'cemralist' (2]. In other words, there is a strong controlling interest 
from the Managing Director (MD) in most areas of the business. As with any organisacion, 
the potential for a healthy, collaborative and posicive culture exists within SMEs. However, 
in some cases the lack of formal management training, strategy or vision can result in 
problems or even a 'broken' culture, further compounding the challenges faced by the small 
business. 
Lybaert found that the individual traits of the owner-manager and the way in which they 
run the business have a knock-on effect on management behaviour and attitudes to risk (2]. 
The culture of the SME is therefore likely to be strongly influenced by the approach of the 
owner-manager or the collective senior management. 
5. Strategic Issues 
SMEs commonly lack the qualified management teams and knowledge of contemporary 
management practices found within larger organisations. As a result, SME managers may 
lack sufficient understanding of the concept of business strategy, or awareness of the 
potential for a competitive advantage to be realised through the integration of technology 
and strategy. 
Parsons observes a 'lack of attention' given both to understanding the influence of 
technology on compecitiveness, and the support that technology can offer the business 
strategy [68]. Hagmann & McCahon found that this is especially true of SMEs that display 
a lack of strategic planning and investment [54]. 
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6. Lack of Financial Resources 
A lack of financial resources is perhaps the most common characterisation attributed to the 
small business. In a study of 311 SMEs, Lybaert found that 75% of the firms that had 
identified a need to raise levels of technology (and technological competence) experienced 
barriers, and that 59% of these firms identified finance as a key factor [2]. Furthermore, in 
the majority of cases the challenges resulted from raising finance internally (45%) rather 
than externally (14%). The extent to which financial constraints were present was shown to 
vary across different industrial sectors. Engineering, for example, tended to be more 
technically specialised and capital intensive than other sectors. 
Lybaert also cites the 'considerable attention' given by the government, the Confederation 
of British Industry (CBI) and the Bank of England to addressing the financial difficulties 
faced by SMEs. Interestingly, he found that a lack of financial resources within SMEs is not 
always related to their difficulty in obtaining external finance, rather that many SMEs 
simply do not actively seek it [2]. The reasoning behind such behavior is difficult to 
ascertain, but it may be related to unrealistic perceptions over their eligibility for financial 
assistance, or the fact that they wish to minimise their exposure to debt. 
The effects of financial constraints have been shown to exert immense pressure on 
organisations; forcing managers to focus on short-term opportunities, rather than long-term 
strategy [19]. Thong & Yap suggest that the same pressures force SME management 
decisions relating to technology uptake to be cost-led rather than capability-led [ 46]. 
}ones & fain found that limited financial resources could preclude the acquisition of 
information [ 15]. A lack of financial resources therefore limits the small businesses ability 
to support (and benefit from) innovative activity. Financial constraints also preclude the 
hiring of experienced or qualified individuals capable of driving AMT implementations [2]. 
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3.1.3 L TESME Barriers & Constraints 
Figure 8 . LTESME Barriers & Constraints 
This section aims to identify the main barriers and consrraints that have been shown to 
inhibit the LTESME's ability to successfully adopt and exploit new technologies. Figure 8 
highlights the main areas which were identified within the literature and will be examined 
throughout the following sub-sections. 
Lybaert observes that "the distinctiveness of SMEs affects their support needs and how 
much suppon is delivered if it is to be effective" [2] . Identifying and understanding the 
main LTESME constraints is therefore essential for the development of the best practice 
framework. Research in this area consistently highlights a number of inter-related, and in 
some cases inter-dependant, characteristics which have been shown to influence the uptake 
of technology (and its subsequent exploitation). 
]ones & fain identified "four primary obstacles or 'challenge areas' faced by SMEs with 
regard to new technology development and acquisition" including: learning about new 
43 
technologies, evaluating new technologies, successful technology adoption, and learning 
about and utilising technology development options [15]. Martin supports these 
observations, proposing that SMEs generally lack the technological knowledge and 
expertise necessary to scope, acquire, implement and exploit new technologies [69]. 
1. Lack of Information 
In this context, a 'lack of information' broadly encompasses: unawareness of the range of 
available technologies, their capabilities, benefits and ROI as well as a lack of knowledge 
about technology selection, adoption and implementation, organisational development and 
strategic planning [33, 46]. 
Obtaining accurate information is crucial for success in the adoption of new technologies. 
Levy & Powell propose that innovation itself is driven by information, particularly about 
the external environment [9]. Despite the widespread availability of external information 
relevant to many different areas of the business, the main positive relationships of advice 
and performance in SMEs are dominated by private sector sources such as lawyers, 
suppliers, customers and business friends I relatives. 
}ones & }ain observe that "information about new technologies is widely available and 
relatively easy to obtain" [15], mainly due to significant developments in communications 
technology and the widespread availability of information via the internee. They outline a 
number of sources including: networking, outside consultants, chambers of commerce, 
customers (primarily for product development purposes}, government organisations, 
technical I industrial publications, the internet, research institutions, existing employees, 
competitors and suppliers. 
Despite this, SMEs rend to display a relative lack of information which is often directly 
linked to their limited human resources. People within the company provide the link with 
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the 'outside world' and therefore influence an organisation's ability to respond to the 
external threats and opportunities it faces [30]. Larger organisations tend to have dedicated 
staff and/or departments to undertake the Research and Development (R&D) role8 [ 15) -
SMEs often lack this resource. 
Managers within LTESMEs may also find it difficult to search for, access and relate to 
academic research material due to poor links with the knowledge base, the use of complex 
scientific language and a general lack of 'targeted' or industry-specific research. There may 
also be problems with the perceived separation of academic and business interests. 
SMEs may also lack information as a result of the low value placed on networking, 
discussion and other non-value adding activities. ]ones & fain identifY networking as an 
"important source of information for product and process innovations" [15]. Obtaining 
external advice in fields such as business strategy and staff recruitment is associated with 
positive firm performance [3]. 
Rouach asserts that "due to financial constraints, lack of capabilities and limited human 
resources to closely monitor technology development, SMEs usually cannot catch up with 
the latest technology, obtain appropriate and correct information, nor fully utilise the 
information they have" [21]. Lybaert observes that the "limited internal knowledge-base 
and scanning ability of smaller firms is a key rationale for the publicly subsidised provision 
of technology support by intermediary organisations in terms of information, advice and 
consultancy" [2]. 
• R&D activities typically include scanning for new knowledge. technology, materials, applications and processes. The 
development aspect in this context might include the re-evaluation of existing internal processes or the refinement of new 
technologies before they arc implemented within the production cycle [2, 72, 73). 
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2. Unrealistic Perceptions 
Perhaps as a result of the relative lack of awareness of technology and the presence of 
'specialist knowledge' within small organisations, a common phenomenon occurs where 
management have a range of misconceptions about the capability of a technology, its cost, 
and the issues surrounding its implementation. 
A focus group conducted by Estrin et al. found that SME managers viewed technology as 
an expense rather than a strategic investment [33). Their research also showed that 
managers sometimes view technology adoption as a 'never-ending process' and one which 
could lead to costs 'spiralling out of control'. The common theme in their research was that 
many managers felt they could not afford 'advanced technologies' irrespective of whether or 
not their assertions were valid. 
Of all barriers to technology uptake, this is perhaps one of the most crucial. Addressing 
'unrealistic perceptions' can often mean challenging deeply held views and beliefs about 
what a technology is capable of and how it can be implemented; the potential for a negative 
response is therefore very high. Effective change management (covered in section 3.4) is 
essential in addressing people's perceptions. 
3. Lack of Specialist Skills 
Thong & Yap observed that SMEs typically employ 'generalise' employees rather than those 
with specialist skills [46). In the same way that SME owner-managers tend to take on a 
number of different roles within their businesses, their employees are also expected to 
undertake a diverse range of tasks. 
There is a strong tendency for 'generalist' workers to lack the time, skills, experience or 
resources necessary to drive technology uptake [46). Robert et al. observe that whilst SME 
managers typically possess high levels of understanding of their businesses and operational 
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processes, they often lack employees with sufficient experience and skill to adopt (software-
based) technologies [70]. 
Walker et al. describe a lack of skills as a 'significant barrier', but suggest that this is easily 
addressed by a structured program of training [4]. However, SMEs have also been shown to 
display a reluctance to engage with external sources of assistance, and this can result in a 
self-perpetuating skills gap. SmaUbone suggests that SMEs display a preference for informal 
rather than formal channels of support, and argues that this may be due to a lack of 
management training or formal qualifications amongst those running the business [58]. 
In 1988, Medland & Mu//ineux observed a shortage in 'generic design skills and knowledge' 
within manufacturing firms, commenting that "qualified staff are difficult to find" [71]. 
However, increasing standards of Higher Education coupled with improved access to CAD 
both within HEis and organisations has made it easier for companies to gain access to 
qualified individuals and AMT knowledge. 
SMEs may find it difficult to attract specialist employees for a number of other reasons 
including: the increased employment costs, the unattractiveness of highly constrained 
SMEs to specialists (due to their numerous problems), the lack of infrastructure necessary 
to reap the full benefits of technology. 
4. Lack of Influence 
Lybaert suggests that SMEs have less abiliry than their larger counterparts to 'shape and 
influence their external environment' [2]. He infers that as a result of this, the smaller firm 
is "rypically faced with a more uncertain external environment than a larger firm" and 
therefore committing to significant change or new technology can be difficult. 
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S.lnability to Evaluate New Technologies 
]ones & fain suggest that "SMEs should seek to minimise the risk of adoption by first 
conducting an in-depth strategic analysis of any new technology under consideration" [15] 
- in other words evaluate the long-term implications of adopting new technologies to 
balance the risk against the potential rewards. Whilst acknowledging that evaluation 
programmes should be tailored to suit both the specific technologies and businesses 
involved, they suggest the following issues for a typical evaluation programme to consider: 
1. The degree to which the technology will increase the SME's capability to 
accomplish its strategic objectives. 
2. The degree to which the technology will enable the SME to meet or exceed the 
expectations of its primary clients and cusromers. 
3. The availability of sufficient internal and/or external resources (i.e. financial and/or 
human resources) both to acquire and implement the new technology. 
4. The degree to which the organisational culture will support the technology 
adoption and contribute to its success. 
5. The availability of either in-house or external expertise needed to integrate the new 
technology with the existing technology. 
6. The SME's level of control over the use of, and profits generated by technology. 
7. The degree to which the SME is culpable for liability issues surrounding the 
application of the new technology. [ 15] 
However, due to a number of the aforementioned challenges, L TESMEs are frequently 
unable to evaluate new technologies either in full or in part. 
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6. Supply Chain Problems 
SME supply chains tend to be more 'personalised' - firms display close relationships with 
suppliers, which are based on factors other than cost alone. Estrin et al comment on the 
emergence of a 'supply-chain paradigm' affecting SMEs [33], providing the following 
example to illustrate their point: 
" ... "to participate in a supply chain, (large) defence manufacturers are calling on SMEs to 
collaborate in developing products, managing and providing just-in-time inventory, and 
producing near perfect quality" Boden [72]. These activities, in turn, require computer-
based design, engineering, and manufacturing systems, high-speed communication 
networks, and enhanced process management and control. Large defence manufacturers 
and leading SMEs already have these capabilities; however, many SMEs still do nor." [33] 
Stamm dr Golhar note that SMEs 'may lack bargaining power' with suppliers and customers 
as a direct result of their limited size [73]. However, in some industries- marine design and 
construction, for example - SMEs may play a pivotal role in supporting other organisations 
within their supply chain. This has significant implications for the introduction of new 
(and potentially disruptive) technologies that threaten to alter, and even destabilise, 
relationships within the supply chain. 
Problems emerge where the implementation of new technology radically alters working 
relationships with existing suppliers. Compatibility issues may also arise where 
organisations select systems with poor interoperability or conversely where suppliers are 
using outdated systems. There is therefore pressure both up and down the supply chain. 
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Section 3.2 
Advanced Manufacturing Technologies (AMTs) 
3.2.1 Introduction 
The application of new technologies in manufacturing is becoming an increasingly 
important source of competitive advantage. Investing in AMT can enable organisations to 
enhance productivity and efficiency, increase product and process quality levels, reduce the 
propensity for mistakes and enhance both internal and external communication [9, 15]. 
Such benefits are of great appeal to organisations of all sizes, irrespective of the products 
and systems they develop [32]. However, as section 3.1 has shown, LTESMEs are severely 
limited in their ability to successfully exploit new technologies due to a number of inherent 
barriers and constraints. A significant factor is their relative lack of information concerning 
the features and capabilities of AMTs. This can lead to misunderstanding, the 
inappropriate selection and application of new technologies, and a failure to realise the 
expected benefits. 
This section aims to explore the key features, capabilities, associated challenges and benefl ts 
of design-oriented AMTs (3D CAD/CAM/CAE) identified within the literature, in order 
to aid understanding of these technologies, and hence contribute to the development of a 
best practice framework for the implementation of AMTs within LTESMEs. 
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3.2.2 Computer Aided Design 
Groover & Zimmers define CAD as "the technology concerned with the use of computer 
systems to assist in the creation, modification, analysis and optimisation of a design" [74]. 
CAD systems consist of hardware and software; hardware describes the computer 
(commonly referred to as the 'workstation') and associated peripheral equipment, and any 
computer program that embodies computer graphics and an application facilitating 
engineering functions in the design process is classified as CAD software [14]. 
In the manufacturing environment CAD is now an almost essential tool; improvements in 
accessibility to the technology, and growth in its popularity throughout recent years has 
transformed the way in which organisations think about design, manufacture and 
communication. 
3D CAD is now more accessible than ever before and has become an increasingly popular 
technology, implemented across many different sectors. Gott comments that the major 
advantages of 3D technology are generally undersrood throughout industry, although they 
are often not fully appreciated until seen in commercial practice [75]. 
CAD systems have been shown to deliver a range of generally positive, but occasionally 
negative impacts on SME manufacturers. Success or failure with CAD is related to a 
number of factors, most notably the level and quality of planning activities employed in the 
early stages of CAD implementation. 
In order to plan effectively, organisations must examine and evaluate a broad range of 
information sources. However, as has already been shown, LTESMEs may find it difficult 
to engage with academic communities and other sources of high qualiry information and 
tend to rely on less reliable sources such as software vendors and non-specialist advisors. 
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Medland & Mu/Jineux observe that many of the traditional justifications for the adoption or 
procurement of CAD systems are based upon the concept of increased drawing and design 
productivity, and for many years this 'vastly over-simplified view' of its effect has been 
exploited by both software vendors and managers I design departments alike [71). In reality 
the potential benefits available through CAD adoption, whilst they are often far-reaching 
and extremely diverse, are always unique to the organisations involved [76). 
Effectively implemented design-oriented AMT facilitates the rapid design and production 
of technically superior products [ 13). The main benefits of AMT are realised by increasing 
the productivity of people, machinery and internal processes; improving the speed and 
consistency of both internal and external information flows, and improving an 
organisations ability to analyse and evaluate designs before committing to production [13). 
Begg notes that CAD systems remove drudgery and frustration, and improve product 
quality by allowing the designer time to be more precise and thorough [77). Furthermore, 
the computer's ability to act as a communications link facilitates the efficient design of 
complex systems by teams, rather than individual designers. 
AMT systems therefore offer the potential both to shorten time to market and produce 
higher quality goods at lower costs [13)- increasing the responsiveness and competitiveness 
of the CAD-enabled SME and ultimately its profitability [28). 
However, since its conception, and throughout its evolutionary development, there have 
been numerous misjudgements and misconceptions about what CAD is capable of 
achieving and how it should be practically applied in the commercial environment. 
For example, implementing CAD has traditionally been considered to bring increased 
productivity using less human resources. However, as Begg observes "this is definitely not 
the case" [77). Such benefits are not an implicit feature of CAD systems - to achieve them 
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organisations must appreciate the true capabilities of the technology and develop an 
effective implementation strategy that supports their delivery. 
For further information on the associated features and capabilities of contemporary 30 
CAD systems see Appendix 2. For a brief outline of their history see Appendix 3. 
3.2.3 Computer Aided Manufacture & Computer Aided Engineering 
CAM, according to Medland, is a technology which "embraces all ways in which computers 
can contribute to manufacturing processes" [30]. The integration of CAD systems with 
manufacturing activities provides industry with large economic and commercial benefits 
[30]. CAE, according to Lee, is "a technology concerned with the use of computer systems 
to analyse CAD geometry, allowing the designer to stimulate and study how a product will 
behave so that the design can be refined and optimised" [14]. 
The benefits of CAM I CAE include: improved product and organisational quality levels, 
improved process and product safety, reduction in engineering time and fewer design 
iterations, improved product functionality (and usability), reduction in number (or 
elimination) of prototypes, reduced process and product cost [78]. 
3.2.4 AMT within the Literature 
Contemporary CAD is a relatively mature technology; a great deal of academic material 
exists on the subject, although the major focus appears to have been the development of the 
CAD systems themselves (i.e. their underlying code-driven structure and the mathematical 
basis of their respective geometry descriptions) rather than the associated implementation 
issues, which are the primary focus of this research investigation. 
It is important to acknowledge that some of the sources used in this investigation are far 
from contemporary e.g. Begg (1984), Groover & Zimmers (1984), and Chorafas (1987). 
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Despite their age, these sources are important because they capture the views and opinions 
of the early adopters of CAD technology, at a time when many of the contemporary 
systems were still in their infancy and many businesses were implementing CAD for the 
first time. 
As the popularity of CAD has developed, non-CAD users such as LTESMEs have become 
the minority. This has contributed to the inaccessibility of contemporary AMT research for 
L TESMEs - much of the more recent material assumes a pre-requisite level of knowledge 
and understanding which is not present within the organisations. Hence the 'knowledge 
gap' for L TESMEs continues to widen as both technology development and research 
progresses. 
In addition, the literature review found a distinct lack of information for guiding the 
implementation of CAD within specific industrial contexts or sectors. Although this could 
be explained by the enormous scope of the various industrial settings in which CAD could 
be, or has been implemented or considered, it seems reasonable to assume that there will be 
numerous similarities between the implementation approaches of all kinds of small 
businesses - and that their experiences should be well documented by now. 
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3.2.5 Benefits of 3D CAD Systems 
In order for L TESMEs to be able to select from the range of CAD sofrware available for a 
given application, they must inevitably review the benefits and challenges associated with 
CAD systems, and identify those which are of greatest relevance. 
Technology 
Benefits 
Technology 
Benefits 
Figure 9. Internal & External Bene6ts of AMTs 
Figure 9 highlights the main internal and external benefits of AMT identified within the 
literature, which will be reviewed throughout the following sub-sections. For clarity, the 
benefits have been compartmentalised into those which are of internal benefit (e.g. 
increased process efficiency) and those which are of external benefit (e.g. improved 
corporate image). However, it is acknowledged that in reality almost every benefit has both 
an internal and external influence. 
3.2.5.1 Quantifying 3D CAD Benefits 
There are conflicting points of view regarding how the benefits of 3D CAD can be 
quantified. The problem is extremely subjective: CAD provides a functional roolkit that 
can be applied in a number of ways to any given design situation. 
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Medland & Mullineux found that major improvements in efficiency and therefore overall 
development cycle time could be achieved in a number of different ways, depending upon 
the type of industry and the constraints imposed upon the design and manufacturing 
processes [71]. In order to begin to estimate (and quantify) where and how benefits and 
savings may arise it is therefore necessary w examine the entire product cycle and identify 
the areas in which CAD capability, and possibly automation processes, can be applied. 
1. Process Benefits 
Technology 
Benefits 
Figure 10. Process Benefits of AMTs 
CAD systems offer significant benefits in terms of supporting and enhancing organisational 
processes, not only within the design function, bur also downstream in the manufacturing 
function as well as other areas such as sales, marketing and communications. Figure 10 
highlights the main benefits identified within the literature which will be discussed 
throughout the following sub-sections. 
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1.1 Increased Speed & Ease Implementing Design Changes 
One of the most fundamental benefits of using 3D CAD systems is the rate at which 
changes can be made to a design. Some estimates within the literature hold that skilled 
operators can realise drawing productivity increases of the order of 8: 1 in comparison with 
manual methods [79]. 
1.2 Driving Downstream Applications 
CAD systems output digitally-encoded data which can be used by a number of 
'downstream' applications. For example, CAD geometry can be imported to performance 
prediction software, or used to drive Numerically Controlled (NC) machines. This can lead 
to significant increases in product quality and process efficiency. CAD can also provide data 
which can be used within graphic design applications to assist in the generation of 
illustrations for product manuals, assembly instructions and marketing literature. 
Traditionally, these processes have involved the time consuming re-creation of data [76]. 
1.3 Reduction or Elimination of Physical Prototyping Activities 
Building physical prototypes can be one of the most expensive and time-consuming aspects 
of producing a new product, 3D CAD systems provide a 'virtual prototype' which reduces 
or eliminates the need for a physical prototype [75, 76]. This is potentially a significant 
benefit for manufacturing LTESMEs who tend to focus on the development of products 
'on the shop floor' using expensive and time consuming full-scale physical prototyping. 
1.4 Creation of2D Engineering Drawings for Manufacturing 
To varying extents, most modern 3D CAD systems support the creation of 20 drawings 
directly from 3D CAD data - resulting in drawings which are 100% accurate to the 
modelled geometry. Most manufacturing operations still rely on 20 drawings as their 
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fundamenral guide to building a component or assembly [76]. They are also essential for 
hard-copy documentation and archiving of design data. 
1.5 Reduction in Mistakes 
CAD systems provide a significantly enhanced product definition, which can be 
communicated with greater accuracy and efficiency than is possible using traditional 
methods such as hand drafting. This can lead to increased understanding throughout every 
stage of the production cycle - thereby reducing the propensity for mistakes. 
1.6 Increased Accuracy 
The strong emphasis placed by CAD software vendors on productivity benefits has tended 
to obscure one of the fundamental benefits of using the technology: principally that CAD 
systems work to a far higher tolerance than is possible with manual techniques (e.g. a paper 
drawing}. Whilst these have provided an effective means of generating and communicating 
designs for many years, the accuracy of the representation can be severely limited by the 
quality and thickness of the pencil lines [80] and the propensity for human error. 
Gott asserts that increasing accuracy throughout the product cycle ultimately leads to the 
'virtual elimination' of design related tooling and manufacturing errors, reporting 
reductions in engineering change orders of between 50-90% [75]. 
]ones observes that data within the CAD-enabled design process "represents the real world 
far better than the scaled drawing on paper attempted to, and in fact better than the 
manufacturing process will eventually achieve" [80]. As a result of this manufacturing 
tolerances are effectively reduced - potentially leading to higher product quality and 
consistency. 
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1.7 Reduction in Lead Times 
CAD allows for lead times to be reduced across many different business functions I 
activities including design, production, marketing and communications. Dramatic 
improvements are commonly found within the design processes of LTESMEs 
implementing 3D CAD systems for the first rime. 
Whilst the speed of the cognitive, 'creative' processes undertaken by a designer is unlikely 
to be affected by the use of CAD, improved access to data reduces design process lead times 
in terms of information retrieval, verification and design optimisation through the 
investigation of alternative solutions. Gott claims that product development time can be 
reduced by up to a factor of five, and that a 'doubling of design productivity' can be 
achieved [75]. 
Medland & Mu//ineux observe that complex products (such as boats or aircraft) are 
expensive both to produce and maintain, so the product cycle must be carefully managed to 
deliver products 'at the time that the customer requires them' [71]. Items manufactured too 
early or too late could incur expensive costs for both parties9• The advantage of a 
CAD/CAM system is that the design phase can begin much later than would otherwise be 
necessary [71], thereby reducing the design lead time and allowing for a faster response and 
reduced operational costs due to a reduction in the amount of design work required for 
each product [32, 77, 80, 82]. 
1.8 Increased Quality Levels 
Willows observes that the ability of 3D CAD systems to model products to a level of near 
'virtual reality' ultimately results in higher product quality [13]. The CAD design process is 
' The impact of late delivery was highlighted in late 2004, when EADS (parem company of Airbus) was reponed to be 
facing 'growing financial troubles' following expensive delays in the manufacture of the A380 'Superjumbo' airliner 181 ). 
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one of continual refinement and improvement. This, coupled with the ability to describe 
the product much more accurately to the manufacturing process, is the mechanism by 
which improvements in product quality occur. 
Hodgkiss notes that both drawing and product quality is improved [79]. ]ones suggests that 
better quality is obtained in two ways: firstly, the overall accuracy of the design is improved 
(resulting in fewer errors being discovered throughout the product cycle), and secondly that 
a 'better product' can be designed. ]ones also suggests that improvements in quality could 
radically affect the fortunes of an enterprise by "tipping the competitive balance" [80]. 
Koc & Bosdag observe that improvements to product quality might be realised in terms of 
performance of the product, a reduction in the cost of its manufacture, improvements to 
the design (in terms of aesthetics, ergonomics and functional enhancements), tightness of 
tolerances, inspection performance, material choices and so on [37]. 
2. Financial Benefits 
The financial benefits of 3D CAD systems are extremely diverse and far-reaching. A key 
benefit is the ability to reduce the cost of production, and ultimately product cost, which is 
one of the basic determinants of why customers choose a particular product over competing 
alternatives. Koc & Bozdag found that improved manufacturing technologies "play an 
important role in affecting the cost structure of a product through more efficient 
manufacturing operations with less waste" [37]. 
The implementation of 3D CAD (like most technological developments) produces an 
initial cost saving as basic and mundane tasks are taken over and automated. However, 
these kinds of savings may not be sustainable - as task complexity increases, automation 
becomes less viable and manual processing rime increases [71]. Begg asserts that if CAD 
tools are to be used in industrial settings, they must provide quick results, as well as good 
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results, otherwise chey will be neglected in favour of 'dirty', buc time saving, engineering 
practices [77). 
Lee observes chac "che cosc of engineering goes up exponencially in che lacer stages of 
produce development and production" [14). Therefore che advantages offered by CAE, 
which facilitates early opcimisacion and refinement of designs, and CAM, which sueamlines 
manufacturing processes, can have a significant impact on overall produce development 
cime and cost. 
3. Operational Improvements 
Software vendors have successfully sold and marketed CAD principally as a way of 
'increasing productivity' in che design department. As Chorafas observes, chis is a vasdy 
over-simplified claim, as productivity can be classified and measured in a number of 
different ways [32]. Funhermore, vendors imply chac productivity gains will be realised 
naturally, as a feature of che implementation. Buc as Chorafas points om: "wich computer-
based systems, che equipment icself is a small pan of che weal; much more imporrant is che 
applications perspective" [32). 
Chorafas also observes chac in able use CAD "can improve che productivity of engineers by 
400 eo 3000 per cent. Buc such improvements will not come of their own will" [32). Gott 
also suggests chere is now ample evidence chac "3D can typically cue produce development 
times in half' [75). Medland & Mu!lineux have made similar productivity gain 
observations, including: "a reduction in man-hours eo less chan a quaner, an improvement 
in quality and a tenfold increase in 'capture race'" [71). 
]ones identifies two ways in which labour can be reduced: flrsdy, che reduction in cime 
taken eo generate or modifY geomeuy, and secondly, the reduction in labour required in 
other parts of rhe company eo excracc essential information from che design [80). 
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CAD/CAM also provides potential labour savings and productivity benefits in other areas 
of the business, across the entire production cycle. 
Clearly, productivity increase is not an inherent feature of CAD implementation; 
organisations must ensure that productivity-enhancing practices are built-in to their overall 
strategy. Medland indicates that modern enterprises are becoming conscious of this - "the 
idea that a system can be bought on the grounds of more rapidly produced drawings, or the 
number of drawing office staff it will replace is now, thankfully, long gone" [30]. Chora.fos 
asserts that organisational approaches need to 'evolve' in order to realise (and maximise) the 
potential productivity benefits [32]. 
4. Product Benefits 
CAD systems can offer a range of product-related benefits including: product simplification 
(leading to improved manufacturability and reliability), enhanced aesthetics and styling, 
improved ergonomics, higher quality finishing, use of CAE for performance prediction and 
analysis leading to improved product performance. CAD systems also promote the use of 
standard I modular components across product ranges which increases process efficiency. 
5. Enhanced Flexibility 
Diaz et al. emphasised that companies lacking AMTs such as 3D CAD would have fewer 
strategic options and a narrower scope of action, leading to a failure to develop new 
capabilities and therefore a loss of competitive advantage [83]. 
Contemporary market requirements change rapidly and firms need to be able to respond 
with products which satisfy the needs of rheir customers. These needs are usually related to 
rhe change in both product variety and product quantity. Therefore firms should be flexible 
enough to respond to such changes in the market by improved manufacturing technology [9]. 
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6. Increased Product Variety 
The enhanced speed and ease in investigating new designs offered by 3D CAD systems 
allows organisations to introduce a wider range of products, which can be tailored ro suit 
individual customer requirements. To exploit this capability, organisations should develop 
their understanding of customer (market) wants and needs, and focus on the links between 
marketing and manufacturing. 
7. Faster & More Accurate Tendering 
The case study implementation (see chapter 4) showed that CAD systems can increase 
efficiency within the design process, leading to faster tendering. The enhanced accuracy of 
the product definition created in 3D CAD systems also allows organisations to estimate 
costs and other design specifications (e.g. weight, cost and time) more accurately. 
8. Reduced Product Cost 
The financial benefits realised in terms of process efficiency, reduction in mistakes, and 
access to advanced manufacturing techniques such as CAM can be passed on to consumers 
in order to enhance competitive advantage. 
9. Reduced Product Delivery Time 
The influence of 3D CAD systems in terms of reducing design and manufacturing process 
lead times can reduce product delivery times. Koc & Bosdag observe that product delivery 
on time and earlier than competitors is extremely important for competitive advantage [37]. 
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10. Enhanced Sales & Marketing Capabilities 
The increased flow of information across various business functions can lead to enhanced 
sales and marketing capabilities (see chapter 4). Contemporary CAD systems are capable of 
producing a range of visual outputs which can be exploited by the sales and marketing 
function - these include: video animations and rendered still images for use in presentations 
and publications such as company brochures I product bulletins. 
11.1mproved Image 
3D CAD systems can also contribute significantly to enhancing the 'corporate image' of 
organisations (see chapter 4). The higher quality presentation of design data, access to 'state 
of the art' manufacturing technologies and the opportunity to lead technology exploitation 
within their various sectors can be readily exploited by L TESMEs from a Public Relations 
(PR) perspective. 
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3.2.5 Challenges of 3D CAD systems 
Challenges 
Of 30 CAD Systems 
Figure 11. Challenges of 3D CAD Systems 
Despite their many recognised benefits, a number of researchers have observed negative 
impacts on firm performance arising from the implementation of AMT systems such as 3D 
CAD [76, 85, 89, 90, 91]. Figure 11 highlights the main challenges identified within the 
literature which will be discussed throughout the following sub-sections. 
Boyer et al. observed "no direct impact of AMT investments on (a) firm's financial 
performance" [84]. ]ones cites observations from several AMT studies that failed to 
recognise differences in terms of growth, profitability or flexibility [80]. Chung found that 
"50-75% of AMT adoptions fail regarding expected benefits like flexibility, quality, and 
reliability" [85] . 
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1. Control of Data 
CAD, CAM, and CA£ activities generate massive amounts of data which must be stored, 
controlled, retrieved and communicated on-demand. Managing this process can pose 
significant challenges to LTESME managers. 
Buxton et al observe that design, engineering, manufacturing, and maintenance processes 
"have routinely existed in virtual isolation from one another" [86]. Contemporary AMT 
systems transcend these traditional boundaries. Effective processes must be in place to 
ensure rhat information flows effectively across the business and any changes made are fed 
through the product cycle in order to keep manufacturing guidance valid and up to dare. 
2. lnteroperability of CAD Data 
lmeroperabiliry of data between CAD systems is a significanr factor in rhe selection of 
appropriate software. Organisations can face difficulties in reliably translating geometry 
from one CAD system into another, leading to communications problems with suppliers. 
Buxton et al estimated rhe cost of interoperabiliry issues in US automotive manufacturers at 
$1 billion per year [86]. 
3. Displacement of Skills & Knowledge 
The implementation of AMTs can lead to the displacement of key skills and useful 
knowledge within LTESMEs. Iris a common misconception amongst LTESME managers 
rhar CAD systems can somehow replace rhe people or skills found within existing design 
departments. The reality is that CAD systems, like all tools, require direction from an 
external intelligence [71] and the level of benefit derived from such systems is directly 
proportional to the ability of the users, and rhe effectiveness of rhe systems established to 
manage them. 
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The challenge in many cases is that established designers working within traditional design 
departments find it more difficult to learn and develop CAD skills than younger or more 
recently qualified individuals who are more familiar with the CAD approach, but who lack 
valuable experience and knowledge of design standards or manufacturing processes. 
Buxton et al. observe that firms may put too much faith in the CAD designer, or make it 
too easy for the owner-manager to control design at the expense of 'sound engineering 
principles' [86). 
4. Relevance of the Product Definition to Downstream Users 
Traditionally, the design process separates those involved in the data creation and analysis 
phase and those who ultimately rely on the digital product definition for downstream 
activities such as manufacturing, sales and marketing. However, this separation can severely 
limit the extent to which the main benefits of AMT systems can be realised, and is in many 
ways counter-productive. 
McMahon & Browne observe that "communication and collaboration between separate 
design and manufacturing functions is often poor" [87). This can lead to the development 
of sub-standard designs, or those which are unsuitable for efficient manufacture. This 
problem may be exacerbated by the use of younger and less experienced CAD operators, 
who lack the requisite engineering, technical or manufacturing knowledge. 
Buxton et al. observe that within the aerospace industry, the 'user community' for the 
design definition "extends far beyond company boundaries" [86). Similar comparisons can 
be made for LTESME manufacturing firms across other sectors- many such organisations 
rely on the communication of elements of the product definition 'downstream' to a 
network of specialised suppliers I third parties. 
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5. Cost Issues 
There is usually a significant start-up cost associated with the implementation of AMT 
systems. ]ones observes that this is composed of two components: the initial purchase price 
and the 'hidden' cost entailed in the initial inefficiency produced by staff having to use 
radically new methods and skills [80]. 
CAD systems also have an associated running cost which also has both a visible and a 
hidden component. The visible cost is the maintenance required on the computers and 
software, which can be reduced I controlled with careful management and good judgement 
in balancing risk against cost. The hidden component is the additional time required to 
manage the installation, which can be minimised with care [80]. 
6. Effect on Culture & Working Relationships 
AMT systems can have a significant impact on organisational culture and working 
relationships. New technology may lead management to decide that it needs to bring in 
specialist knowledge (e.g. a CAD/CAM manager). ]ones identifies one aspect of cultural 
effects in terms of age discrimination issues with younger staff understanding the 
technology more easily [80]. 
7. Limitations of the Hardware & Software 
Despite their numerous benefits AMT systems are not without their limitations. ]ones 
observes that these may have been overlooked at the evaluation I selection stage [80]. 
Hodgkiss also comments on problems relating to dependence on machinery that could 
break down or malfunction [79]. Whilst this is still a valid concern, hardware reliability is 
becoming less of a contemporary problem. 
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Software limitations may also become apparent when organisations use premature 
technology that is unreliable [80]. For example, the use of 'Beta-test' software by the author 
throughout the case study implementation (see chapter 4) highlighted significant problems 
with reliability (although the enhanced functionality offset the challenges). 
Some activities such as reverse-engineering (the process by which 30 geometry is generated 
by interpreting existing 20 data and/or the geometry of physical components) are 
inherently difficult. In such cases an inappropriate software choice can be most apparent. 
8. Greater Dependence on Individual Members of Staff 
AMT systems naturally lead to an increased dependence on individual members of staff. 
Hodgkiss notes that the loss of an individual can mean the loss of all knowledge of a job 
without a very good standard of documentation [79]. Similarly }ones observes that in an 
engineering department genuinely committed to CAD, failure of the system will not just be 
'a nuisance' but it can cause the work of the entire department to come to a halt [80]. 
9. Implementation & Management Issues 
Once SMEs have transcended the crucial initial stages of scoping, selecting and acquiring 
new technologies, they face the challenge of implementation. Successful implementation 
aims to leverage the optimum output from the new technology. Training, marketing, 
finance and investment aspects must be considered. 
}ones & fain refer to the process of 'technology management' - where SME managers 
approach the implementation of technology in relation to their long-term strategic view for 
the business, making a conscious effort to monitor and control the impact of the new 
technology on the businesses competitive position [15]. In all cases, SMEs must effectively 
manage external relationships in order to ensure success. 
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3D CAD is not an easy technology for organisations to implement without some prior 
operational experience. Any organisation considering the implementation of 3D CAD, or 
the transition from 20 CAD, must be aware of its individual requirements, and exploit this 
knowledge to select a system most appropriate to their own specific needs. Companies must 
also be educated (or re-educated) to the extent of contemporary 3D CAD capability, so 
that they can plan for effective employment of the system, and identify the areas in which it 
can be applied most effectively. 
Begg observes a common failure in organisations that normally use quite sophisticated 
planning processes to control their product design and manufacturing operations to apply 
the same discipline to an implementation project. This even occurs with organisations that 
are extremely familiar with the hardware and software technologies employed in CAD (77]. 
It has also been observed that companies frequently base CAD implementation plans on 
assumptions about how the design process operates, rather than what actually happens [30]. 
Medland & Mullineux suggest that "the 'Unofficial', but vital, channels of communication 
are ignored. It may, for instance, be assumed that all information is contained in 'the 
paperwork', even though much information is in fact transferred by means of accepted 
practices, informal meetings between staff from different areas or a general awareness of 
events occurring within the organisation" [71]. 
Information flows within all aspects of the design process need to be determined in order to 
develop an understanding of a firm's real (as opposed to expressed) needs. However, the 
complex interactions between the various processes being scrutinised makes it difficult to 
assess any activity in isolation [71]. Hence companies may be overwhelmed by a wide range 
of requirements, and need to focus on those which are absolutely essential to success. 
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9.1 Commercial Off-The-Shelf (COTS) Technology Solutions 
Contemporary attitudes to AMT popularise the use of COTS solutions where applicable, 
in order to avoid the range of implementation problems (including cost and complexity) 
which are associated with bespoke systems. However, whilst the COTS approach offers 
advantages in many areas, it can also impose a number of constraints on organisations. 
By definition, the use of a generic solution implies companies must modifY their existing 
processes and procedures to fit the new software [33]. This highlights the criticality of the 
selection of software appropriate ro the organisation's real requirements. Implementing an 
inappropriate system could lead to dissatisfaction and a lack of confidence in implementing 
technology in the future. 
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Section 3.3 
Linkage Mechanisms for L TESMEs 
3.3.1 Introduction 
SMEs in particular find it challenging to interface directly with AMTs as a result of their 
relative lack of technological knowledge and numerous other constraints. The knowledge 
necessary to successfully implement new technologies is as important as the technologies 
themselves, and how and where to acquire it is fast becoming an issue of strategic 
importance. 
Lundval/ observes that the meaning of 'knowledge' is hard to define concisely, and differs 
depending upon the context in which it is used [88). He suggests that in a classical sense 
knowledge may be thought to describe data, information and wisdom, but that within an 
organisational context knowledge is comprised of know-what (factual knowledge or 
information), know-why (understanding or explanation), know-how (skill or capability) 
and know-who (social awareness). 
Bessant et al. observe rhat "rhe importance of knowledge to business growth has, in recent 
years, become well established" [89). Rouach asserts that, in order to remain competitive, 
SMEs must closely monitor new technology, drawing on a number of sources including 
government agencies, consultants, suppliers, competitors and customers [21). However, as 
has already been shown, LTESMEs lack the resources to carry our effective technology 
research and monitoring. 
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In response, a wide range of 'linkage mechanisms' have emerged and are rapidly becoming 
essential pathways for the dissemination of knowledge and, in turn, new technologies into 
industry. Rothwell & Dodgson found that "successful innovation in firms is associated with 
the establishment of external technical linkages as well as a variety of business and 
marketing linkages" and that a firm's ability to forge effective linkages is correlated with its 
level ofin-house technological resources [34]. 
Brychan identifies two basic linkage mechanisms available to SMEs: 'technology exchange' 
(technology passed from one SME to another) and 'technology exploitation' (technology 
transferred to an SME from an external source) [39]. ln recent years a broad range of 
support mechanisms have emerged to assist companies in both activities. 
However, despite the widespread availability (and increasing accessibility) of linkage 
mechanisms, it can be difficult for some L TESMEs to engage successfully with these 
programmes due to a number of problems including a lack of awareness, poor relationships 
with other organisations and research institutions, and a lack of in-house skills and expertise 
[15]. Kennedy & Hyland found that SME change efforts through linkage pathways do not 
always produce the desired results [ 17]. 
L TESMEs need greater awareness of the range of available sources of knowledge, and the 
various linkage mechanisms, in order to select an effective approach. The following section 
therefore aims to outline the primary knowledge sources and various types of linkages 
available. ln addition, a comprehensive list of useful online information sources for 
L TESMEs is provided in Appendix 4. 
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3.3.2 Knowledge Sources 
Figure 12. Knowledge Sources 
Figure 12 highlights the main knowledge sources identified within the literature, which will 
be discussed throughout the following sub-sections. 
1. Knowledge Pools 
Knowledge pools are generally comprised of a range of market, quasi-market and non-
market sources and include patents, trade fairs, exhibitions, associations, computerised 
databases and legislation [16, 24]. Knowledge pools tend towards the supply of 'generic 
form' information and technological specifications. Lambert & Barber found that different 
industry groups specialise in different elements of the knowledge pools [24] . Hence the 
range, availability, quality and accessibili ty of knowledge pools may vary between different 
industrial sectors. 
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2. Legislation 
Lambert & Barber observe that legislation is an important source of knowledge for SMEs 
across many different sectors [24). Legislation includes product standards (available via the 
British Standards Institution (BSI) [90)) and regulation. For example, the Health & Safety 
Executive (HSE) can assist businesses implement cleaner manufacturing processes in order 
to meet stricter environmental regulations [91). 
3. Supply Chain & Other Firms 
SMEs frequently obtain external advice from private rather than public sector sources. 
Lambert & Barber found that a significant proportion of organisations within 'supplier 
dominated industries' such as manufacturing cite equipment or materials suppliers as 'very 
significant sources' of product and process ideas [24). They also observe that SMEs can be 
highly dependent on technological progress in their major customer industries. 
4. Cross-Sectoral Supports 
Cross-sectoral supports include: chambers of commerce, industrial groups, other 
commercial networks as well as the provision of non-discriminatory grants (e.g. capital, 
employment (for recruitment of skilled personnel), R&D, marketing and training grants). 
Windrum & Berranger found that SMEs tend to rely on searching within their 'commercial 
networks' for information, rather than 'government sources' [36). 
Vossen suggests that commercial networks comprise: suppliers, private I public agencies 
involved in the transfer of information, industrial associations, competitors, and consultants 
providing specialised services or know-how [35). 
Organised commercial networking groups are particularly valuable sources of information 
and usually comprise clusters of companies that are joined informally by meetings where 
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common issues are discussed. An example within the composites sector is the National 
Composites Network (NCN) [92]. 
5. Sector-Specific Supports 
Sector-specific supports include: targeted research centres, trade associations and other local 
and national support groups I information networks for companies within specific 
industrial sectors. Examples within the marine industry include: Marine South West [93], 
the Cornwall Marine Network [94] and the British Marine Federation [95]. 
6. Technology Intermediaries 
Technology Intermediaries include: research associations, regional technology centres, 
consultants, members of the science I knowledge base, research councils and external 
financiers who can acr either as direct sources or facilirators I advisers in the process of 
technology acquisition. 
The Science & Technology Council found that SMEs tended to look more towards 
technology intermediaries for knowledge rather than initiating direct contact with the 
science base, because the intermediaries could act as 'technology translators' who can "speak 
the same language" as the SME [16]. 
7. Government Sources 
A number of international, national and regional government initiatives exist to support 
SMEs in the introduction of new technology. The Science & Technology Co11ncil observes 
that in this context, the government's role is to provide 'a framework of policies and 
instruments' to support businesses [16]. 
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7.1 European Government 
Within the European Union (EU) the 'SME Envoy' provides the EC's key interface with 
the European SME community [8]. The SME Envoy has been instrumenral in delivering a 
range of European-wide initiatives to improve the business prospects of SMEs in response 
to the challenges identified by the EC's survey of 2005 [8]. This report highlighted 
'increased advice and support for organisational developmenr' as one of six key factors 
which SMEs considered crucial to their continued success. A number of funding initiatives 
have subsequently emerged to encourage growth 10• 
Work in this area has included: education within the field of enrrepreneurship, improving 
access to finance, improvemenrs to funding initiatives, simplification of regulatory issues for 
SMEs, product standardisation, ensuring fair competition, and assistance with SME efforts 
to trade and compete internationally [8]. In addition, the Envoy has placed a particularly 
strong emphasis on the support of research and innovation activities within SMEs. 
In the past, SMEs have found it difficult to access many of the funding programmes 
available for the support of research and innovation due to complicated and lengthy 
applications procedures [8]. However, recenr efforts made by the SME Envoy m 
collaboration with national and local governmenrs have vastly improved access [96]. 
7.2 UK Government 
The DTI is the governmenr department responsible for trade, business, employees, 
consumers, science and energy within the UK [97]. It helps people and companies to 
become more productive by promoting world-class enrerprise, innovation and creativity. 
10 An overview or the speciflc runding opportunities available to European SMEs is available in the EC publication 
'European Union Support Programmes ror SMEs' [91]. 
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Bessant et al. observe that a significant part of the DTI's activity is now concerned with 
enhancing business access to, and use of, external sources of knowledge and expertise [89]. 
The DTI recognises that the UK economy is now exceptionally diverse, and successful 
businesses in most sectors can demonstrate a capability to add value and use concepts, 
processes and technologies innovatively [98]. However, supporting those enterprises which 
are less successful and encouraging their access to, and investment in, research and 
innovarion practices is now essential to secure a prosperous future for both the UK and 
European economies. 
The DTI Innovation Report discusses the need to increase the quantity and quality of 
business innovation, and the flow-through of innovation from the science base to business. 
The report also lists several success factors for judging innovation performance: access to 
sources of new knowledge, capacity to absorb and exploit knowledge, access to finance, 
competition and entrepreneurship, involvement of customers and suppliers, the regulatory 
environment and access to networks and collaboration [99]. 
As a result of their grounding in the knowledge base and links to businesses with strong 
track records of product and process development, the DTI is ideally positioned to help 
deliver these objectives [98] and offers a range of business support products including 
'Collaborative Research & Development', 'Knowledge Transfer Networks' and 'Grants for 
Research & Development'. 
Lybaert found that Business Link [lOO] (a cross-government source for business advice 
which draws on the expertise of key government bodies that deal with business, such as 
Companies House, the Department for Business, Enterprise and Regulatory Reform 
(BERR), the Environment Agency, the Department for Education and Skills (now the 
Department for Children, Schools and Families), the HSE, the Home Office, HM 
Revenue & Customs) was "the most frequently used public sector source of assistance" [2]. 
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8. Other External Sources 
There are numerous other external sources for technological knowledge which are covered 
briefly throughout the following sub-sections: 
8.1 Consultants 
Consultancy (from the Latin comultare "to discuss") involves working with external firms 
or private specialists capable of providing technological support, guidance or training on 
some form of cost-basis. Robson & Bennett linked SME growth and the acquisition of 
external business advice [3]. 
8.2 The Internet 
The internet is an increasingly important source of technological and other knowledge for 
SMEs. Despite the vast quantity of information there are potential problems with quality 
and validity. However, there are numerous targeted search engines for high quality 
scientific and technological information (e.g. Google Scholar [101] and Microsoft Live 
Academic [102]). 
8.3 Scientific Reports, Journals & Conference Papers 
Scientific reports, journals and conference papers are also valuable knowledge resources, 
which are often used to announce new technological developments. A significant source for 
scientific publications is the British Library [103]. Other HEI libraries are also an excellent 
information resource, and businesses may be able to gain access to the various collections 
under some form of agreement. 
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8.4 Patents 
Patent literature is a good source of 'current' information relating to technological 
developments across many sectors [23]. New web-based searching capabilities and online 
content has dramatically improved access ro derailed information. 
8.5 Technology Vendors 
Windrum & Berranger found that vendors played an important role in the 
'computerisation' of SMEs, and that small businesses tended to rely on vendors to propose 
alternative ICT options and ro provide afrer-sales service and training [36]. Technology 
vendors provide the LTESMEs 'main link' with the new technology and are subsequently 
relied upon heavily to provide guidance, knowledge and advice, even if no formal 
relationship exists for this purpose. 
8.6 Fairs, Exhibitions & Professional Conferences 
Porter identified fairs, exhibitions and professional conferences as potential information 
sources for SMEs [23]. Conferences are usually run by industry associations and are held on 
a regular basis within most sectors. 
8.7 Technology Transfer Networks 
TT networks comprise members of private and public sector organisations working 
together to facilitate the transfer of knowledge, skills and technol~gy. For example, the 
Materials Knowledge Transfer Network (KTN), which was created to "bring together the 
views of all in business, design, research and technology organisations, trade associations, 
the financial market, academia and others in the value network across the materials 
community" [104]. TT networks are usually segmented by geographical region, industry 
sector or by technology, and they can work with a mixed sector-technology focus. 
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Brychan found that TT networks are of panicular imponance to SMEs, who tend w 
display relarively low levels of in-house resources and experience [39]. He also nO[es that 
they are one of the best forums for SMEs w: learn from each O[her, reach a common 
undemanding regarding new technologies, share best practices, exchange experiences and 
diffuse technology quickly. However, there is an element of comperitive risk which must be 
considered. 
Brychan found that key success facwrs for TT networks include: the type and size of the 
network (panicularly the level of 'commonality' between the panner organisations), 
effective communications and the quality of the relationships between the organisations 
(e.g. levels of conAict and trust) [39]. He identifies several key mechanisms within TT 
networks including: information transfer (newsletters and databases), technology transfer 
(R&D audits), skills transfer (training) and specialist support (financial guidance) [39]. He 
also observes that 'value for money' of the mechanisms is crucial, and that governments 
should introduce policy changes that provide SMEs with incentives w overcome their 
various constraints and pursue new technologies via networks. 
9. Higher Education Institutions (HEis) 
Lambert & Barber found that around 15-20o/o of SMEs are using some information, 
advisory or other services from HEis, that this was more amongst manufacturing than 
service sector firms, and that 10-15% of manufacturing SMEs are engaged in 'more active 
technology acquisition' from HEis [24]. They also found a positive relationship between 
'in-house innovation resources' and relationships with HEis, and concluded that the level 
of involvement with HEis was broadly connected to the level of internal resources (in terms 
of finance and employees with graduate-level science and technology qualifications) within 
SMEs. 
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In a study of Irish businesses, the CONVERGE project found that although SMEs did 
engage with HEis for technical training, they were "too small and lacking in internal 
resources to engage in any meaningful co-operative R&D activity" [105]. Several of the 
firms within the study indicated that they had identified areas where co-operative research 
would be beneficial but "they had neither money, time nor skills to pursue such research". 
10.1nternal Sources 
Another important, but often neglected source for knowledge is that which is already 
available within organisations. Employees with experience of working at other firms may be 
willing to share information and working methods. Furthermore, recently qualified 
individuals are likely to have been exposed to 'state of the art' technological concepts and 
will be familiar with the methodologies for effective internet research. The Council for 
Science & Technology identified a need for organisations to recruit more 'technologically 
sophisticated' individuals, and foster a 'pro-technology' culture in order to remain 
competitive [16]. 
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3.3.3 Linkage Mechanisms 
3.Formol 
Linkages 
Figure 13. Linkage Mechanisms 
Figure 13 highlights the main linkage mechanisms identified within the literature, which 
wi ll be discussed throughout the following sub-sections. 
As has already been proposed, the effectiveness of a given AMT implementation is in-part 
determined by the appropriateness of the linkage mechanism. Appropriate linkages include 
those which are inexpensive, efficient, mutually beneficial, low-risk and sympathetic ro the 
constraints of the LTESME. 
1. Technology Diffusion (TD) 
One of the principal ways in which organisations acquire new technology is via the process 
of TO [21 , 39] . There are numerous definitions of TO within the literature. Lambert & 
Barber define TO as the spread of a new technique from one SME ro another [24]. Martin 
describes TO as "the process through which an individual or other decision maker unit 
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passes from first knowledge of an innovation, to a decision to adopt or reject, to 
implementation of the new idea" [69). 
Papacomtantinou et al. highlighted two principal types ofTD: 'disembodied diffusion' (the 
transmission of knowledge and technical expertise) and 'embodied diffusion' (the 
introduction of machinery, equipment and components incorporating new technology) 
[106). Brychan observes that "governments today regard TO as an important route to 
increased competitiveness, especially diffusion into (SMEs) with advantages of flexibility, 
dynamism and responsiveness" [39). 
Lambert & Barber observe that the main types of external sources involved in TO for SMEs 
are: public and non-profit organisations, Regional and National Development Agencies 
{RDAs/NDAs), Regional Technology Advice Centres (RTACs) and Chambers of 
Commerce, private consultants (technology brokers, management consultants, patent 
lawyers etc.), and Research and Technology Organisations (RTOs) which include: contract 
research firms, science parks and technology centres [24). 
1.1 Rate of Diffusion 
Brychan observes that once a new technology has been introduced, the speed at which 
SMEs adopt may differ widely [39). Lambert & Barber describe this as the 'rate of 
diffusion', the speed of which will depend on how much greater rhe improvement over 
existing technology will be, and the cost of the new technology [24]. Brychan identifies five 
major categories of'technology adapters': 
I. Innovative SMEs (who want to actively explore new technologies) 
2. Early adapters (who adopt new technology if it is to their advantage) 
3. The early majority {who 'intentionally' adopt new technology) 
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4. The late majority (who 'sceptically' adopt technology which has already diffused) 
5. The laggards (who adopt a technology so late that it has already been superseded) 
Brychan found that innovators and early adopters relied to a greater extent on impersonal 
sources of information from a wide range of 'sources in contact with the origin of new 
ideas' - for example technical journals [39]. He also suggests that communication within 
innovative or 'progressive' SMEs tends to be well organised and co-ordinated, and that 
there will be a willingness to share knowledge with others. 
2. Technology Transfer (TI) 
TT is widely regarded as a principal catalyst for rapid technological advancement within 
firms of all sizes. TT is a concept of 'universal appeal' offering a range of diverse benefits to 
organisations which can typically include: access to new technologies, new processes, 
techniques, key competencies such as product innovations or new ideas in production, 
marketing, management or accounting, and the stimulation of innovation and innovative 
working practices [21]. 
The origins of the process can be found in the etymology of the phrase: 
Greek tekhnologia 'the systematic treatment of an art or craft' 
Latin transferre 'bear across, carry over, transfer, translate' 
c ' ' ~ ' • rrom trans- across + £erre to carry [L07] 
The contemporary meaning of TT varies significantly depending on the scale of the process 
and the point of view of rhe observer. In all cases, however, the process involves a principal 
technology and at least two entities (normally referred to as the transferor and the 
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transferee) working together over a specific timeframe to achieve strategically significant 
objectives, which are mutually beneficial [25, 69, 108]. 
]ayaraman & Agrawal observe that the transferor typically has a higher technological 
capability (or level of technology) than the transferee; thus there is the potential for a 'flow' 
of technology. In order to be successful, both the transferor and transferee must be aware 
of, and monitor, the various factors which could stimulate or impede the process [25]. 
fung found that the 'quality of communication' was a key success factor for TT - there 
must be a 'willingness to communicate', sufficient communication channel capacity, and 
the channels must be easy to use. Jung observes that communication can be improved by: 
removing psychological and other barriers, removing 'leaks' from communication channels, 
and structuring information so it can be easily understood [98]. 
Lambert & Barber observe that "the form of TT that is often taken explicitly or implicitly 
to be the most important as a policy focus is the activation and use of technological 
knowledge directly from the Science, Engineering and Technology (SET) base" [24] which 
includes HEis, Public Research Organisations (PROs), Further Education (FE) Colleges 
and other RTOs. 
Successful TT relies not only on the selection of appropriate technologies or their inherent 
capabilities, but on the availability of either in-house or external expertise needed to 
integrate the new technology with the existing working practices, and manage the process 
of TT. This is usually achieved via some form of formal linkage. 
3. Formal Linkages 
Formal linkages include collaborative projects with HEis. For example, the Unlocking 
Cornish Potential (UCP) scheme [109], which aims to partner small businesses with 
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recently qualified graduates, and the DTI's Knowledge Transfer Partnerships (KTP) 
scheme [110], which is described in more detail below. 
3.1 Knowledge Transfer Partnerships 
KTP is one of the DTI's key business support products, and the successor to the Teaching 
Company Scheme (TCS), launched in 1975 to encourage engineering I manufacturing 
industries to adopt modern technology [111]. The programme has been widely recognised 
as one of the world's leading knowledge transfer I business support products of its type 
[112], with attempts to emulate its success in a number of other countries [98]. 
KTP was officially launched in June 2003 and now fulfils a crucial role in developing 
business uptake of knowledge from the UK knowledge base. KTP is principally aimed at 
SMEs (although larger organisations can also participate) and is ideally suited to the 
development of new products, services and processes. The DTI estimates that there are 
about 150,000 businesses within the UK that are of a type that could benefit from KTP [98]. 
The scheme is designed to deliver rewarding and ongoing collaborations to help innovative 
businesses improve their competitiveness and productivity through the better application of 
knowledge, technology and skills, and to accelerate their exploitation of science and new 
and existing technologies. New technology in this context need not be 'state of the art', just 
innovative to that particular company. Projects can be undertaken in any sector and in a 
wide range of areas including: product design, manufacturing, technical innovation, 
business processes and commercial development. 
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4. Collaboration with Other Firms 
Martin observes that there are numerous benefits to collaboration with other organisations 
including: the rapid diffusion of new technology, access to new markets, the bypassing of 
government restrictions and 'rapid learning' from leading firms within a given field [69]. 
SMEs display different levels of co-operation depending upon the structure of their supply 
chain, their industrial sector and existing levels of technology. Martin showed that high-
tech industries such as information technology are more likely to co-operate, whereas low-
tech companies are less likely to co-operate [69]. He also found that co-operation usually 
involves just two firms, and that it can consist of both formal and informal arrangements. 
Lee suggests that the extent to which SMEs exploit their social networks is influenced by 
their internal culture, which can either hinder or encourage the sharing of new knowledge 
and information [61]. Windrum & Berranger highlighted trust as a significant factor in the 
success or failure of collaborative efforts [36]. Gable observes that the manner in which 
SMEs manage the relationship is a crucial factor determining the benefits of collaborative 
activity, and that the 'identification and addressing of specific organisational goals' and the 
'ability to accommodate evolving project objectives' are key success factors [ 113]. 
S.lnformal and Other linkages 
In practice, organisations can use any conceivable linkage to assist in the implementation 
process. There are a potentially limitless number of ways in which organisations obtain 
external advice and support via 'informal pathways'. One example is through mentoring-
in which a close and trusting relationship is developed with an external expert or industry 
veteran. Mentoring is a highly personal but extremely effective tool for knowledge 
acquisition. However, as with all informal linkages the quality of the advice and its validity 
must be taken into account. 
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Section 3.4 
Change Management 
3.4.1 Introduction 
L TESME managers involved in the implementation of new technologies inevitably face the 
prospect of dealing with significant 'organisational change' - one of the most widely 
researched contemporary management concepts. Change within the context of this 
investigation can be thought of as the process by which LTESMEs must 'adapt' in order to 
successfully integrate and leverage AMT. 
Ludvall observes that in the contemporary business climate "both individuals and 
companies are increasingly confronted with problems that can be solved only through 
forgetting old and obtaining new competencies" [88). Successful AMT implementation 
relies heavily on increasing knowledge and understanding, and influences many different 
business areas. Hence the associated change process is heavily focussed on communication, 
learning and education across all levels of the organisation. 
Increasingly, research in this area shows that the key challenges are not necessarily the 
physical or structural alterations that are made to the business, or the complexiry of the 
knowledge involved, but the way in which people are guided and treated throughout the 
change process [114). 
Leading and managing change has therefore emerged as a key skill for managers, bur one 
that is commonly lacking amongst archerypal L TESME management teams; who tend to 
concentrate overly on the results and short-term benefits of technology, whilst failing to 
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address how the people in the organisation are going ro achieve the results expected , and 
how they wiU be managed and developed in order ro achieve that [114]. 
3.4.2 The Design Process & Production Cycle 
In order ro consider the change management aspects of the implementation of design-
oriented AMTs within LTESMEs, the various activities and functions that must be 
accomplished in the design and manufacture of a product must be briefly examined. 
Medland observes that the 'design process' is a network of interrelated activities throughout 
which a clearer definition and understanding of the proposed product emerges. At the same 
time, the design process moves progressively towards a more detailed description of the 
manufacturing process to be employed [30]. 
Medland & Mullineux and Medland observe that in reality, design processes are extremely 
complex [71] and inherently unstable [30]. Furthermore, that "the design process often 
appears to defy all efforts to describe or define it. W hilst common elements can be found, 
the process can only be directly understood in relationship ro its effectiveness in creating a 
particular class of product" [71] . 
(Think of an Idea J 
~ ( Evaluate it J 
~ 
- en 0 
-
.... c 
-c (}) 
0 > 
u w 
~ ( Detail it J 
~ 
~ ( Make it J 
~ 
(rest & Evaluation J 
Figure 14. SimpliAed Design Process [30] 
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However, some common elements can be identified. Figure 14 presents the 'simplified 
design process' by Medland- in which the test and evaluation stage, and the introduction of 
control events, are optional [30). 
Collectively, the processes of design and manufacture are known as the 'production cycle' 
[14). Hence the production cycle describes the series of activities involved in developing a 
product from its conception to its completion [14, 71). 
Most design processes begin with early 'conceptual' activities which are centred on 
establishing and manipulating the vanous constraints (e.g. physical, practical and 
economic) that will influence the final design 11 [30). Subsequent activities within the 
production cycle may include: quotation and estimates, analysis and simulation, drawing 
production, template production, production of: parts lists, construction schedules, 
catalogue and manual illustration, office and project management, as well as the various 
manufacturing processes. 
Both the design process and the wider production cycle must be carefully studied, 
monitored and controlled in order that an optimum performance can be achieved [30). A 
detailed understanding of how the design process currently operates, and the various 
relationships with other business functions must be developed as a result of this 
observation. 
This is essential in providing LTESME managers with a more accurate and detailed 
understanding of how the company actually conducts its design activity. As Medland points 
out: the identification of wasteful processes, and their subsequent rectification, can usually 
be quite sufficient justification for the work involved [30]. 
11 The innuences of'producr-derived constrainrs' on design processes are examined in Appendix 5. 
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3.4.3 Managing Change 
T he capability to effectively lead and manage organisational change is a pre-requisite for 
L TESME managers involved in the implementation of new technologies. Browne observes 
that leadership and change management are closely linked, and that "the abili ty to 
understand, believe in and role model effective leadership behaviours is crucial" [11 4]. 
However, implementing technological change is a significant challenge in LTESMEs. The 
process is inherently disruptive and carries with it a number of associated risks. T here wi ll 
always be 'good reasons' not to change - the human response to a ' new order of things' is 
often resistance, via a complex combination of both logic and emotion . People's perception 
of change, and the way in which they are prepared to approach it, varies depending on their 
past experience and degree of flexibility and adaptability. 
Browne comments that a very high percentage (70%) of change programmes fail to meet 
their objectives [ 114] . A consequence of this high failure rate, combined with attention 
from the research community, is that a great deal of detailed case study material is now 
readily available as an information resource, allowing LTESMEs to learn from past failures, 
and observe best practices. 
( Unfreezing Old Attitudes J 
~ ( Introducing the Change J 
~ 
, 
Re-Freezing Attitudes 
Around the New Approach 
Figure 15. Simplified Change Process [ 114] 
Figure 15 shows the simplified three-step change process proposed by Lewin (presented in 
Browne [114]), who focuses on the control of human attitudes (Lewin's background is 
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social psychology). In this process, 'unfreezing' is the preparation for change, which should 
involve greater dialogue with employees - explaining the reasons for change and why the 
'status quo' is not sustainable over the longer-term. 'Re-freezing' is the process by which the 
new behaviours are reinforced to become 'normal running' [114]. 
( l . Establish a sense of urgency J 
( 2. Create a guiding coalition J 
~ 
( 3. Develop a vision and strategy) 
~ 
( 4. Communicate the change vision ) 
~ 
( 5. Empower employees J 
~ 
( 6. Generate short term wins ) 
~ 
( 7. Consolidate gains for more change) 
~ 
( 8. Anchor new approaches J 
Figure 16. Eight Stage Model for Change [115] 
Figure 16 shows the eight-stage change management process proposed by Kotter [115]. His 
model places a heavy emphasis on addressing the 'people issues' and highlights the universal 
nature of change. 
Key success factors for organisational change include: a compelling vision of why change is 
needed, effective and consistent communication, adequate preparation and conditioning, a 
thorough and lasting implementation process, and effective leadership and management. 
Estrin et al. identifY several features of successful change management which include: 
articulating the business strategy (and linking it to specific technological capabilities), base-
lining current processes and organisational practices, developing a vision for the future, 
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developing a 'technology adoption roadmap' to eliminate unnecessary tasks, as well as the 
use of evaluation and selection processes to identify appropriate technologies [33]. 
There is a strong need to review the company's strategy and working practices. In many 
cases such findings have implications for the focus of the change effort. Lybaert asserts that 
a difference can exist between "what a business owner or manager's stated wants or 
expressed needs are, compared with what might potentially emerge from a systematic audit 
of the strengths and weaknesses of the firm in terms of resources and competence" [2]. 
Windrum & Berranger found that studies in large organisations have established the 
importance of 'top management support' in facilitating successful implementation of 
Information Communications Technologies (Icn [35]. As has already been discussed, 
many L TESMEs tend to be owner-managed with relatively 'flat' organisational structures, 
thereby placing great importance on the levels of support for the new technologies 
displayed by the MD. Support in this context may include: establishing appropriate 
technology goals, identifying critical business information needs and allocating the requisite 
financial resources [36]. 
Another significant factor affecting the nature of change management practices within 
L TESMEs is that the changes tend to occur as a result of external pressure, rather than 
pragmatic decision making. Kennedy & Hyland observed that the adoption of management 
technologies by some SMEs was the result of pressure from government or associated 
companies or customers [11]. Pressure may also arise from shifting market demands I 
customer requirements as well as changes in legislation or regulation. 
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3.4.3.1 Barriers to Change 
Despite the widespread availability of guidance information relating to managing change, a 
vast number of change efforts fail to deliver their anticipated outcomes. 
(1. Too much complacency J 
<J.--
(2. Under-powered coalition ) 
<J.--f 3. Underestimating the power of vision j 
<J.--
( 4. Seriously under-communicating the vision) 
<J.--f 5. Permitting obstacles to block change j 
<J.--f 6. Failing to generate short-term wins j 
<J.--
( 7. Declaring victory too soon ) 
<J.--
( 8. Not anchoring changes in the culture) 
Figure 17. Eight Change Errors [115) 
Figure 17 shows the eight common errors identified by Kotter, who comments that these 
can lead to new strategies not being implemented well, long implementation time-scales 
and high associated costs, as well as the anticipated results not being realised [115]. 
Browne observes that senior managers often fail to see the importance of having the very 
people who will have to work in the changed organisation work out the details of how it 
will actually operate in practice (114]. H e also found that many efforts are confounded by a 
general lack of adequate d irection. 
Kondo suggests that a ' bottom-up' approach to management (e.g. one which focuses on the 
needs of the shop-floor workers, rather than the senior management) not only brings wider 
involvement and hence greater buy-in, but also creates far greater opportunity for new and 
innovative ideas within the framework of a 'top-down' strategic vision [114] . 
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Employee involvement is crucial - formulation of the 'case for change' is undoubtedly an 
issue for senior management, but the implementation process itself is one that inevitably 
involves a much broader range of individuals from across the entire organisation and, in the 
case of TT, also those outside of it. 
The reasoning behind the change needs to be sufficiently reinforced, and articulated in a 
way which will encourage support and understanding throughout every level of the 
organisation. Another major barrier is a lack of effective planning, or a failure to 
communicate the plan (or a timeline for change) effectively throughout the organisation. At 
a more basic level, not understanding or communicating 'what the change is' can be a 
limiting factor. 
Recognising and celebrating success, and knowing when to stop and 'declare victory' is also 
important because it is a key part of establishing the new culture as 'normal running' i.e. 
moving from 'change transition' into 'continuous improvement'. 
3.4.4 Related Fields 
There are several other areas of academic research and contemporary management thinking 
which are relevant in addressing the challenges posed by the implementation of AMT. 
These practices share parallels with contemporary thinking on organisational change -
calling for the development of a 'sincere belief and trust in people' in order to achieve 
success and leverage a competitive advantage. 
The main related fields are: quality management and human resource management - which 
are introduced, albeit extremely briefly, throughout the following sub-sections. 
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3.4.4.1 Quality Management 
A key feature of effectively implemented AMT is the significant impact on quality which 
can be realised throughout many different levels of an organisation. Understanding and 
managing quality is an area which has attracted significant academic interest. Much of the 
research in this area was pioneered by the so-called 'gurus of quality management' -
Deming [116], Crosby [117], Ishikawa [118],juran [119], Shingo [120] and Kondo [121]. 
( 1. Mission Statement ) ( 8. Drive Out Fear 1 Create Trust ) 
~ ~ 
( 2. Learn New Philosophy ) ( 9. Optimise Efforts ) 
~ ~ 
( 3. Understand Inspection ) ( 10. Eliminate Exhortations ) 
~ ~ 
( 4. Process Driven Business) f 11. Focus on Improvement) 
~ ~ 
( 5. Constant Improvement ) ( 12. Remove Barriers ) 
~ ~ 
( 6. Institute Training ) ( 13. Encourage Education ) 
~ ~ 
( 7. Teach Leadership ) ( 14. Action to Accomplish Transformation) 
Figure 18. Deming's Fourteen Points [116) 
Figure 18 shows the 'fourteen points' which Deming considers essential for successful 
quality management [116]. Other leading quality management principles include: 
participation and teamwork, continuous improvement, learning as the foundation for 
improvement, empowerment of the workforce, quality is linked to human relationships, do 
it right first time, clarify aims and objectives, give people a strong sense of responsibility, 
make time for generation of ideas, nurture ideas and bring to fruition. 
Most approaches to quality management stress the importance of a strong element of 
control. That is, the ability to continuously evaluate process performance and take 
corrective action where necessary. Control mechanisms may comprise standards, goals or 
other means of measuring accomplishment. 
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3.4.4.2 Human Resource Management (HRM) 
HRM is becoming an increasingly important feature of successful business management. 
Despite this, LTESMEs generally display less of a strategic approach to HR I HRM than 
their larger counterparts [ 122]. 
Leading HR practices include: integrating the HR function with the overall strategic aims 
of the business, designing jobs to reflect and promote learning and innovation, developing 
effective performance measuring systems, promoting co-operation and collaboration, 
empowering individuals and teams to take decisions, investing in extensive training and 
education, and generally maintaining an environment that supports these philosophies. 
Toyota's approach is frequently highlighted as a case study for leading HR practices. They 
recognise a distinction between 'old thinking' {where people are a part of the process, 
controlled by managers) and 'new thinking' (where people design and improve the 
processes, controlled by workers and leaders). The advantages of these practices include: the 
promotion of trust and co-operation, the development of skills and abilities, increased 
morale and commitment, and improved creativity. 
98 
Section 3.5 
Summary of the Literature Review 
3.5.1 Introduction 
The following section will briefly summarise the main findings of the literature review and 
identify the areas which appear to have greatest significance for the development of the best 
practice model. A review I reformation of the original research problem is subsequently 
presented and discussed. 
3.5.2 L TESMEs 
Section 3.1 highlighted the limitations of the SME definition and proposed a new 
classification (the Low-Technology-Enabled SME) which could be used to group small 
businesses in relation to their potential to successfully implement AMTs. LTESME 
characteristics include: a general lack of technological experience (and low-levels of existing 
technology), problems or limitations related ro organisational structure, management, 
behaviour, culture, strategy, processes and infrastrucrure, and perhaps most significantly, a 
lack of financial resources. 
L TESMEs are generally unable ro realise the full benefits of AMT by themselves - requiring 
direction from an external source to ensure effective implementation. However, a major 
strength of LTESMEs is their inherent flexibility and agility - and hence ability to respond 
extremely positively and rapidly to the uptake of AMT. 
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The general lack of formality within L TESMEs can lead to a focus on day-to-day 
operations rather than long-term organisational strategy. An essential pre-requisite to 
managing AMT implementation is the ability to articulate I re-articulate core business 
objectives, and reflect on strengths and weaknesses, in order to identify the businesses real 
needs. This promotes the development of a more strategic view of the implementation 
process, and an extension of the 'planning horizon'. 
The implementation process may therefore involve formalising processes and drawing out 
the hidden 'tribal knowledge' and underlying cultural aspects in order to find out 'what is 
really happening'. Communication must also be improved across all levels of the 
organisation. In addition, the business must 'want to change' in order to overcome the 
inevitable resistance. This involves: conquering fears, changing perceptions and overcoming 
reluctance to taking external help, whilst concentrating on the facts and demonstrable 
benefits of new technology (crucially, its potential impact on competitiveness and 
profitability), which must be viewed as an investment rather than a financial burden. 
Skills is a key issue, which can be addressed through training and a capitalisation on the 
graduate workforce; who are generally receptive, technically able and keen to gain 
commercial experience. L TESMEs also need to find ways of overcoming their financial 
limitations - this can be achieved by the sourcing of appropriate technologies, and greater 
consideration of ROI. 
The model must address these issues and promote the acquisition of accurate information, 
and awareness of the various information sources. 
3.5.3 AMTs 
Section 3.2 highlighted the importance of technology as a source of competitive advantage 
amongst firms of all sizes. Design-oriented AMT systems are becoming increasingly 
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accessible and affordable, but despite this there are still significant risks associated with their 
adoption. 
Understanding the capabilities of the various technologies, and generating awareness of the 
range of benefits available, as well as the associated challenges, is crucial. Benefits can be 
realised across many different business areas including: communications, processes, 
operations, products and finances. 
The challenges associated with AMT adoption are equally numerous and far-reaching -
ranging from issues of data control and storage to hardware and software limitations, 
interoperability issues and the displacement of skills and responsibility within the farm. 
Perhaps the most significant challenge attributed to AMT systems relates to their 
implementation and management - in other words, leveraging the maximum benefit from 
the selected system. Linking the planned use of the system to the wider organisational 
strategy is key - in order w do so, organisations must develop an accurate understanding of 
their various processes and information flows (both formal and informal). 
Thankfully, many of the risks and challenges associated with AMT adoption can be 
avoided or mitigated by the selection of an appropriate system. It is therefore essential that 
the best practice model incorporates a mechanism to allow this to occur. 
3.5.4 Linkages 
Section 3.3 highlighted the potential for linkage mechanisms to allow LTESMEs to 
circumvent many of their own limitations and interface more effectively with AMT 
through the acquisition of pre-requisite knowledge and guidance. Linkages are available in 
many forms, ranging from collaboration with farms in the supply chain to formal TT 
projects with HEis. 
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The sources of information available to the L TESME ate extremely broad and diverse. A 
key challenge is ensuring awareness of the range of sources, and selection of appropriate and 
credible sources - appropriate linkage mechanisms facilitate this process. 
However, despite the obvious attraction and suitability of linkages in supporting 
technology uptake within LTESMEs, in practice it can be difficult to engage businesses 
effectively - partly due to a lack of awareness of the range of linkages available. 
It is therefore essential that the best practice model addresses the selection of an appropriate 
linkage or 'knowledge partner' to assist with the implementation process. 
3.5.5 Change 
Section 3.4 highlighted the importance of managing the changes and adaptations which 
must occur in order for an organisation to effectively implement AMT, which is an 
inherently disruptive process. Not only do systems and processes have to be re-evaluated 
and re-structured, but the people within the firm need to be led and guided throughout the 
change. 
Key to achievement is an accurate understanding of the way in which processes currently 
operate (rather than how the management 'think they operate') and a clear plan which 
addresses the desired state of operation once the change has taken place. Implementing 
design-oriented AMT therefore requires knowledge of the design process and production 
cycle, and an understanding of the potential impact of the implementation on each. 
Overcoming a 'natural resistance' to change is vital. This can only be achieved through 
awareness of the various barriers to change coupled with effective leadership, support and 
communication throughout every level of the organisation. 
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3.6 Contribution to the Development of the Best Practice Model 
The findings of the literature review have significant implications for the development of 
the best practice model, which must seek to address the following issues: 
1. Overcome the 'core limitations' of the LTESME (both real and perceived) 
2. Co-ordinate the interaction of the LTESME with a knowledge partner 
3. Encourage the selection of an appropriate technology 
4. Address the implementation strategy, allowing for its refinement and improvement 
5. Embed and anchor the changes within the firm 
3.7 Problem Review I Reformation 
Chapter 2 introduced Creswe/l's observation that the 'research question' is likely to evolve 
and change throughout an investigation, with new questions emerging [ 41). In order to 
address the question "what factors affect the implementation of AMTs within L TESMEs?" 
the literature review (chapter 3) has examined the following questions in isolation: 
1. "What are the features and characteristics of L TESM Es?" 
2. "What are the capabilities, associated benefits and challenges of AMTs?" 
3. "What type of knowledge and linkages are available?" 
4. "How should the change be managed?" 
5. "What key observations can be used to develop the best practice model?" 
The problem has therefore so far been approached from a reductionist viewpoint. In order 
to provide a balanced framework, the problem will now be approached from a holistic 
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viewpoint, using a case study (chapter 4) of an implementation project within a real SME 
(Kingfisher Boats Ltd.), which will attempt to answer the following questions: 
l. "What are the features and characteristics of a real L TESME?" 
2. "What AMT system and linkage mechanism were selected, and why?" 
3. "What were the results and benefits of the implementation?" 
4. "How was the change managed?" 
5. "What key observations I lessons can be used to develop the best practice model?" 
The relevant findings of both approaches to the investigation will then be combined to 
develop the best practice model in chapter 5. 
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Chapter 4 Case Study 
Chapter Outline 
This chapter aims to study the implementation of a 30 CAD system within Kingfisher 
Boats Ltd. via a formal linkage - in the form of a three-year KTP project with the 
University of Plymouth. The basis for the transfer, structure of the project and selection of 
technology, results and benefits of the implementation, change management aspects and 
lessons learned are presented and discussed. 
Section 4A Results & Benefits 
Section 4.5 Change Management 
Section 4.1 
Company 
Background 
Barriers 
Section 4.3 
AMTs 
Figure 19. Case Study in Relation to the Research Context 
Figure 19 outlines the structure of tl1e case study superimposed on the research context for 
this investigation. Presenting the case study in this manner is intended to allow the findings 
of the literature review to be contrasted against the real-world observations, hence 
contributing to the validity of the investigation, as well as the development of the model 
and associated guidance. 
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4.1 Company Background 
Kingfisher Boats is a successful family-run, owner-managed business which maintains a 
good reputation and standing in the industry for the manufacture of high-quality Glass-
Reinforced Plastic (GRP) marine craft (commercial fishing vessels and ferries) and 
associated mouldings. Based in Falmouth, Cornwall, the company employs around 16 full-
time members of staff and has been successfully producing boats for over 20 years. 
Significant decline in the commercial fishing markets had led to a strong desire to expand 
into the thriving leisure sector with a new craft, the Kingfisher Sport Explorer, to be based 
on one of the company's proven 31ft hull forms. Kingfisher recognised that it would need 
to revise its approach to design and manufacture in order to achieve the improvements in 
quality and efficiency necessary to realise its market aspirations. 
Kingfisher's 'legacy' approach to design relied heavily on the use of ourdated methods such 
as paper-based manual drafting (scale drawings produced by contracted draftsmen) as well 
as the 'oursourcing' of the majority of critical design activities to third-party naval 
architects. In addition, much of the historic design information (e.g. modifications to 
standard builds) resided within MD Ron Coote's head, and had not been formally 
recorded. 
This approach, coupled with Kingfisher's highly flexible attitude to customisation, was 
causing considerable internal inefficiency as well as limiting the company's ability to 
communicate design information effectively to its workforce, suppliers and customers. 
Furthermore, the company was exposed to significant Intellectual Property (lP) risk - with 
sensitive design data having to be entrusted to third-parties for modification. 
The company aspired to bring control of their design process in-house, taking advantage of 
developments in design-oriented AMTs in order to enhance flexibility, allow a more rapid 
and controlled response to customisation, improve process efficiency, ensure that 
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modifications to standard designs could be accurately recorded and improve the 
communication of design data. 
Being typical of many SMEs in the marine sector, Kingfisher displayed a number of the 
L TESME characteristics identified in the literature review. With a limited capacity to 
undertake internal research and development, a lack of qualified staff with the pre-requisite 
knowledge and expertise necessary to achieve the successful implementation of new 
technologies, relatively few links with the knowledge base and low levels of involvement 
with other organisations in rhe local business community, the company acknowledged that 
it would need to take advantage of one or several linkage mechanisms in order to succeed. 
4.2 Linkage Mechanism 
In November 2004, a three-year KTP project was established with the University of 
Plymouth with the aim of implementing a new 30 CAD system in order to enhance 
Kingfisher's design capability, bring the design function in-house, and take advantage of a 
number of associated CAE I CAM technologies. 
The selection of a KTP as the main linkage mechanism was eminently appropriate, 
representing a relatively low-risk solution offering mutual benefits to the various project 
stakeholders. The scheme provided relatively inexpensive access to a graduate to manage the 
project who would be supported by academics at the University of Plymouth, which has a 
strong record of excellence and innovation across teaching, research and enterprise 
activities 12 • 
11 Working in support of the South West of England Regional Developmenr Agency (SWRDA) and the Government 
Office for the South West, rhe University of Plymouth is eager to be seen as an organisation that actively suppons 
economic and social regeneration- primarily via the transfer of technology to SMEs. 
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Based full-rime at the Kingfisher Boats site, the author's responsibilities throughout the 
project were to: 
1. Review the company's product range and existing design capabilities 
2. Identify, select and acquire an appropriate 3D CAD system 
3. Transfer existing design data I geometry into the new system via reverse-engineering 
4. Produce 3D models of both the company's existing and developing product range 
5. Exploit CAD/ CAM I CAE across design, manufacture and marketing functions 
6. Implement drawing office procedures to manage the new design data 
7. Review I re-engineer manufacturing processes and generate new guidance material 
8. Record and document the new procedures and systems to 1509000 standard 
9. Embed the new techniques and processes culturally within the organisation 
4.3 Advanced Manufacturing Technology 
The first step in the AMT selection process was to gather information. An initial 
investigation focussed on two main areas: firstly, idemifying company needs and 
requiremems and secondly, researching and evaluating the range of available technologies. 
4.3.1 Company Needs & Requirements 
Establishing the company's needs and requirements involved working closely both with the 
management of Kingfisher Boats (to discuss overall strategy and the various ways in which 
AMT could be applied to support it) and the shop-floor staff (to establish levels of 
dissatisfaction with the currem state and their views on the areas in which AMT could offer 
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benefits). The technological capabilities of the other organisations within the company's 
supply chain were also considered to establish interoperabiliry requirements. 
The design data generated by the new system was ultimately to be used by the shipwrights 
and boat-builders for reference during construction - design intent therefore needed to be 
communicated intelligently and completely throughout the entire production cycle. 
Potential strategies for the use of existing 'legacy' design data were also evaluated, with 
options including: complete conversion, conversion of critical elements only, or 
maintaining of the current system alongside the new solution. 
The software available at the University of Plymouth, together with the software experience 
of the supervisory staff there was also taken into consideration as it raised compatibility and 
data exchange issues. In this case, the operational CAD expertise of the academic staff was 
not considered to be a critical factor as the KTP Associate had already demonstrated a 
reasonable level of competency and was unlikely to need direct supervision in this area. 
The main conclusions were that the company required a powerful, flexible, affordable and 
easy to learn design solution that could span the entire design process, from initial idea 
through to design implementation and preparation for manufacturing and production. 
Achieving full exploitation of the system and a positive ROI 13 were also highlighted as 
essential. 
4.3.2 Range of Applicable Solutions 
Evaluating the range of applicable technologies involved significant internet-based research, 
close involvement with the various technology vendors, and contact with other 
organisations both from within and outside of the marine sector. Many issues arose 
" For this reason, so-called 'high-end' solutions (which arc traditionally much more expensive, but more functional) were 
not dismissed on the basis of cost alone. Potential ROI on many of these systems can be substantial. 
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throughout this process including: claims of capability or performance against competitors 
products being distorted or inaccurate, salespeople providing recommendations before they 
had an accurate idea of company requirements, the availability of data on some products 
being extremely limited, the reluctance of some companies to discuss their methods or 
working practices and, in contrast, the openness of others {e.g. Sunseeker [123)) in 
discussing their techniques. 
The market for 30 CAD software considered suitable for marine design was found to 
comprise a wide range of systems including: integrated, database-driven ship design 
solutions for very large commercial craft (e.g. Tribon [124)), yacht design and hull fairing 
packages for high-quality surfacing (e.g. ProLines [125]), non-industry specific Product 
Lifecycle Management {PLM) systems (e.g. CATlA [126)), general purpose parametric14 
solid modelling systems (e.g. Solidworks [ 127]) and general purpose surface I hybrid 
modellers {e.g. Cobalt [128]). 
It was initially assumed that the 'marine-specific' packages {e.g. Maxsurf [129]) would 
provide the most appropriate solution. However, it was soon discovered that the majority 
of these programs concentrate solely on individual aspects of the marine design process (e.g. 
hull design, stability analysis, performance prediction etc.). This is somewhat inflexible, not 
accommodating the completion of the wide range of production cycle activities on one 
system. Contact with other marine sector organisations indicated that such programs are 
commonly implemented in combination (e.g. Maxsurf for hull design alongside AutoCAD 
[ 130] for 20 drafting). 
The software review also highlighted several potentially applicable products which were not 
considered to be 'mainstream' solutions. These were ultimately discounted on the basis of a 
14 For funher information on parametric capability see Appendix 6. 
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number of associated risks and challenges. For example, potential problems with a lack or 
small number of professionals proficient in the software (and a lack of suitably trained 
graduates), limited access to local resources for training, technical support and consulting 
services, lower levels of testing, quality assurance and innovative development, little or no 
support for critical third-parry add-on solutions or compatibility issues surrounding non-
standard data formats. 
4.3.3 The Selected System 
Having been presented with the findings of the selection process, in the form of a detailed 
report and executive summary recommending an appropriate combination of hardware and 
software, the project stakeholders ultimately agreed a 3D CAD system comprising a 
Windows-based Dell [131] workstation and the following McNeel software: 
Rhino 3D 3D NURBS 15 modelling ~ovww.rhino3d.com 
Flamingo Photorealistic rendering www.flamingo3d.com 
Penguin Non-photorealistic rendering www.penguin3d.com 
Bongo Animation www.bongo3d.com 
The software evaluation showed that at the time of the investigation there were very few, if 
any products that competed directly with Rhino in terms of both functionality and 
accessibility. Rhino is designed to run on 'ordinary' Windows PC's, requires very little 
Random Access Memory (RAM) and no dedicated graphics card. Rhino also supports a 
wide range of different file types that transcend the boundaries of CAD, CAM, CAE, 
multimedia, illustration and graphics applications, and is capable of performing file 
conversions between formats -ensuring high compatibility with suppliers' systems. 
15 Non-Uniform Rational B-Spline (NURBS) is the mathematical model used for generating and representing curves and 
surfuces in Rhino. 
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Rhino was found ro be used across a vast range of industrial sectors, on applications as 
diverse as the modelling of an artificial heart valve to the design of bespoke jewellery. It was 
particularly popular within the field of marine design (most evident in countries with 
significant marine leisure markets e.g. Australia and New Zealand), ensuring that there 
could potentially be a ready supply of operators with relevant skills and expertise. Rhino's 
popularity within the marine industry also increased the potential for interoperability with 
cusromers, suppliers and other manufacturers within the company's commercial nerwork. 
4.3.3.1 Training Aspects 
A significant advantage of Rhino over competing products was its reputation for being 
intuitive and easy to learn. McNeel offers a wide range of training activities (including some 
industry-specific courses) at numerous locations worldwide. In addition, a large number of 
independent user groups and communities have evolved, offering access to discussion 
forums and a vast range of 'unofficial' modelling tutorials. Furthermore, as a result of 
nerworking, a number of private consultants and training providers with commercial 
experience in a range of industries were identified. 
4.3.3.2 Support Aspects 
The author observed that McNeel maintains an outstanding reputation within the CAD 
industry for 'market-leading' cusromer support. A worldwide nerwork of offices, affiliates 
and resellers provide direct end-user telephone assistance, online 'newsgroups' also provide 
24-hour access ro advice and assistance from developers and expert users worldwide. All 
products are supported by extensive literature and the Rhino 'Wiki' [132] also provides a 
number of useful articles and links. In addition, products are updated in response to 
cusromer feedback via elecrronic 'service-releases' - downloaded auromatically from the 
internet. 
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Rhino is also supported by a vast selection of third-parry applications and plug-ins, many of 
which are tailored for use in specific industrial sectors. Within the field of marine design, 
for example, plug-ins such as Rhino Marine from Proteus Engineering [ 133] can help to 
support the boat design process by facilitating weight estimation and the hydrostatic 
analysis of NURBS hull forms. The ability to tailor the system in this way allows 
organisations access to a bespoke suite of applications dedicated to their marine design 
needs as opposed to an 'off-the-shelf product intended solely for mechanical engineering or 
mechanical modelling. 
4.3.3.3 Cost Aspects 
Cost was a significant factor in the technology selection process. The budget available for 
equipment was limited to approximately £4000 and the company did not have funds 
available for extra investment. This ruled-out some of the high-end solutions for immediate 
purchase, although they were not discounted for possible future implementation. 
Rhino was found to be highly affordable - the standalone program was available for £700 
for a single commercial license, with the full suite of Rhino and companion products 
Flamingo, Penguin and Bongo available for £1250. Other products with similar NURBS 
tools and functionality (e.g. CA TIA, Solid works, Solid Edge etc.) can cost more than £3000 
{some as much as £20,000) for an equivalent licence, and many companies charge an 
additional yearly subscription. Despite Rhino's relatively modest cost, vendors were found 
to be willing to negotiate - in some cases offering additional training and resources. 
4.3.3.4 Functionality Aspects 
Functionality was a key consideration in the selection process. Rhino is not marketed as an 
all-encompassing CAD product- McNeel stress its status as a 'standalone modeller' suitable 
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for complementing other parametric feature-based modellers as well as rendering, 
animation, CAM and Finite Element Analysis (FEA) software. However, it is capable of 
producing renderings, illustrations, dimensioned drawings and animations when used in 
combination with various plug-ins and companion products, and was therefore considered 
capable of handling the complete range of production cycle activities at Kingfisher Boats. 
Rhino uses four fundamental geometric entities: points, NURBS curves, NURBS surfaces 
and polygon meshes. Modelling is principally undertaken with NURBS curves and 
surfaces, 'downstream activities' such as rendering, animation, stereo lithography, Virtual 
Reality Modelling Language (VRML) output and finite element analysis tend to require a 
conversion to polygon mesh objects. 
As well as tools for geometry creation, Rhino offers a number of powerful tools for 
geometry analysis which are crucial in ensuring the production of high quality surfaces. 
Rhino lacks parametric functionality, but the benefits of the history-based parametric 
approach were (at the time) determined to be extremely limited for this implementation. 
4.4 Project Results & Benefits 
The KTP delivered against its original objectives within the agreed timeframe and various 
project budgets. Kingfisher has experienced a step-change in capability, and now competes 
technologically with some of the industry's leading organisations. The 30 system has had a 
significant impact on the business, having been used for a variety of purposes including: 
reverse engineering, output to sales and marketing, internal and external communication of 
design data, CAM, CNC, CAE, assembly modelling I virtual prototyping, animation, and 
the production of manufacturing drawings and guidance. It has subsequently continued to 
be applied in a variety of innovative ways to add value to both the organisation and its 
products. 
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Exploiting the 30 CAD capability on numerous manufacturing projects, including the 
development of the brand new Sport Explorer, demonstrated dramatic gains in efficiency, 
accuracy and quality throughout the production cycle. The implementation also resulted in 
a 'tightening' of tolerances within manufacturing processes. As a result of these 
improvements the company has been able to increase overall production capacity. 
Figure 20. Internal & External Bene6ts of AMT within the Case Study 
Figure 20 highlights the main internal and external benefits of AMT that were identified 
within the literature review. The benefits of the case study implementation, in each of these 
areas, will be examined throughout the following sub-sections. 
4.4.1 Process Benefits 
The implementation of 30 CAD significantly enhanced design, manufacturing and 
purchasing processes at Kingfisher. Lead-times for the production and modification of 
drawings I technical illustrations were reduced to a fractional level (in some cases exceeding 
the 8:1 productivity increase proposed in the literature review) although it was difficult to 
quantify these improvements meaningfully- partly due to a lack of historical data. 
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All of the design data for the Sport Explorer was collated into a 'technical construction 
manual' containing part and assembly drawings, laminate schedules, build instructions, 
annotated CAD representations, fit-out I finishing instructions and photographs, as well as 
a 'bill-of-materials' spreadsheet thoroughly detailing each component. This was a novel 
approach for the company, who had previously relied upon a combination of archived 
drawings, physical templates and the undocumented knowledge of the shop-floor staff. 
To produce the manual, all of the major manufacturing processes were examined and 
documented using a combination of digital photographs and written records. These were 
then pooled with drawings and other key pieces of information in order to produce 'process 
sheets' which could be copied and distributed to staff. These outlined the materials required 
(including part names, descriptions and product codes), inter-relationships between 
components as well as supplementary procedural information. 
The manual provided a permanent, accurate record of the Sport Explorer's construction. 
The information within was kept up to date and amended in response to any problems 
encountered in manufacturing the boats. Because manufacturing guidance was always 
distributed directly from the manual, consistency was maintained in the production of 
components. The manual also embedded the information generated within the 3D system 
by transferring it to a 'universal format' {i.e. hard-copy scale drawings). 
This approach ensured a high level of parity between the CAD data and manufacturing 
guidance, led to high quality control in the manufacturing processes, dramatically 
improved the communication of design data {both internally and externally), facilitated a 
more rapid and controlled response to customisation {with more repeatable results) and 
contributed to a reduction in mistakes throughout the production cycle. 
The effectiveness of this approach was highlighted when, in order to address a potential 
overload of capacity and meet a tight deadline for the 2006 Southampton International 
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Boatshow, Kingfisher worked in partnership with Bridgend Boat Company of Plymouth, 
Devon, on a collaborative venture whereby a semi-completed set of mouldings and some 
mould tools for the Sport Explorer were supplied to Bridgend for assembly and fit-out. 
Kingfisher also supplied a complete copy of the Sport Explorer construction manual and a 
DVD containing over 2000 digital photographs of the boats produced so-far. All of the 'off 
the shelf' fittings and components for the boat were ordered, using the 'bill of materials' 
spreadsheet, in a single day. A copy of the list of components was also supplied to Bridgend 
providing an inventory of components against which deliveries could be recorded, and 
stock could be controlled. 
The construction manual enabled Bridgend to construct the boat with very little input 
from Kingfisher Boats - indicating that the overall aims of creating a comprehensive 
resource for the manufacture of the boats had been achieved. 
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The traditional approach to design at 
Kingfisher Boats: scale-drawings produced 
by contracted manual draftsmen. 
New 2D Data produced directly from 3D 
model: ensuring 1 00% accuracy and 
incorporating the laser-line datum system. 
Level o f detail of the assembled CAD 
model: representing a 'virtual prototype' 
of the completed Sport Explorer. 
Using a rotary laser-level to mark the inside 
of the hull mould: providing a vertical 
reference datum to measure against. 
Drawings in use on shOJ>-fioor: promoting 
consistency in the manufacturing process 
and reducing the propensity for mistakes. 
High parity with real-life geometry: essential 
due to complex inter-relationships between 
components and equipment. 
Figure 21. Examples of Process Benefits 
Figure 2 1 shows a number of areas in which the new CAD system has been successfully 
used to enhance manufacturing. T he main challenge was controlling the manufacturing 
process in order to ensure parity between the model and real-life geometry. 
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4.4.1.1 CNC Manufacturing Applications 
T hroughout implementation, the application of C NC manufacturing techniques to 
support the development of various products and components yielded significant benefi ts. 
Hull lines transferred to 3D from original 
hand-drawn lines plan - data is rapidly 
optimised I Improved using analysis tools. 
CNC-cut 'hull sections' produced using 30 
data, assembled in workshop using laser 
alignment strategy developed in-house. 
Hull plug surface finished by hand using 
traditional methods - geometry found to be 
exceptionally accurate I high quality. 
30 surface model generated from hull 
sections - used now to evaluate the design, 
and later to develop the virtual prototype. 
Datum and numbering system developed 
in-house to facilitate rapid and accurate 
construction (assembled In 2 days). 
Hull plug subsequently used to manufacture 
tooling, which was In turn used to produce 
the finished fibreglass hulls. 
Figure 22. CNC Manufacturing for K45 Hull Tooling 
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Figure 22 outlines one particularly successful application of CNC - to assist the rapid 
development of composite cooling for a brand new hull design. The technology was 
selectively applied, supporting the traditional manufacturing processes by removing tedious 
elements whilst significandy increasing accuracy. As well as improving manufacturing 
efficiency, the process ensured that the 'real-world' hull geometry represented the CAD 
model to an extremely high rolerance (less than 3mm over 45ft). 
Aesthetic 1 functional layout generated In 
Rhino and full-size paper template 
produced to verify accuracy. 
3D concept for spoiler modelled In Rhino 
and used to 'sell the concept' to senior 
management and fabricator. 
CNC-cut Carbon fibre panel (manufactured 
off-site): allows for rapid and accurate 
Installation of gauges and instruments. 
Waterjet-cut panels, Including Kingfisher 
logo cut-outs, assembled off-site by 
fabricator using associated CAD guidance. 
Figure 23. Other CNC Manufacturing Projects 
Figure 23 shows some other areas in which CNC was exploited. The company was able eo 
form links with CNC-enabled suppliers from the local area (who had not been known I 
identified prior eo the KTP project). Furthermore, despite a move to produce as many 
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components as possible using the technology (with the advantages of speed, cost, quality 
and consistency I repeatability), relationships with less-technologically-enabled suppliers 
were not disrupted - in many cases they were actually strengthened. For example, 
Kingfisher was able to supply pre-cut raw materials (which were guaranteed to fit together) 
and higher quality assembly instructions. 
0 0 
D 
0 0 
Discrepancy between the submitted CAD 
file (shown on left), and the received laser-
cut components (shown on right). 
Description of the problem (Including 
original files) posted to Rhino newsgroup: 
numerous helpful replies were received. 
Figure 24. CNC Manufacturing Problem 
Despite these successes, some problems were encountered. For example, figure 24 shows a 
major d iscrepancy between the CAD data submitted to a third-party laser-cutting firm, and 
the components which were subsequently received. This raised a number of issues, most 
importantly: rhe question of liability for the erroneous components. 
The author posted a description of the predicament to the Rhino newsgroup - resulting in a 
number of valuable responses which were used to build the company's case. Ultimately, the 
issue was resolved after the author negotiated with the supplier to have the components re-
cut free of charge. The fau lt was later determined to be a data translation issue with the 
laser-cutting firm's CAM software (although both parties had a defensible position). 
T he thread provides an excellent example of the effectiveness of the newsgroup, and is 
currently available online [134). 
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4.4.2 Financial Benefits 
The new system lowered the cost of production and enabled cost avoidance through the 
elimination of third-party involvement with design and manufacturing activities. ROI was 
achieved rapidly as the system was brought into operation. For example, the application of 
CNC for the production of the K45 hull tooling realised a project time saving of four 
weeks, equating to a labour cost saving of the order of £8000. To give this some context: 
the original equipment and consumables budget was £4500, initial outlay for the CAD 
sofrware and associated hardware was approximately £3250, spend to date (with 3 months 
remaining) was £4103. 
Financial benefits were also realised through the avoidance of formal 3D CAD training, 
which is notoriously expensive (in excess of £400 per day). By selecting a system with an 
outstanding support nerwork, identifying and undertaking free self-teach training exercises 
and tutorials as well as developing an informal nerwork of experienced operators who could 
be contacted to resolve technical queries at no cost, zero expenditure on either CAD 
support or training was achieved. 
The production of a 'bill of materials' for each Sport Explorer led to detailed and more 
accurate record keeping and a greater understanding of the true cost of each vessel. As a 
result, the company has been able to monitor cash-flow more accurately and identify areas 
in which to save money via the use of more competitively priced components and suppliers. 
4.4.3 Operational Improvements 
The company has benefited from an enhanced understanding of AMTs, including 
knowledge of how and where technologies can be exploited in order to leverage competitive 
advantage. In addition, all project outcomes have been comprehensively recorded and 
integrated with the company's 1509000 quality management system. 
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Communication of both design and other data has been significantly improved, allowing 
the company to work more easily with a wider network of suppliers. Meanwhile, this has 
not negatively affected links with existing suppliers, who are provided with much better 
design information than was previously possible. Relationships with several key suppliers 
have been significantly strengthened - the capabilities of the 30 system have been shared I 
transferred, allowing mutual benefit through increased accuracy, purchasing efficiency and 
reduced wastage. 
Working with suppliers to co-ordinate orders for bespoke components of the Spon 
Explorer highlighted the imponance of communicating design intent accurately. 
Considerable attention was paid towards written and verbal consultation with suppliers to 
ensure quality levels were maintained. 
To check that custom manufactured items were produced within tolerance they were 
inspected on delivery against the original design data. On major projects the task of 
inspection and comparison involved a number of parties, typically including: the author, 
MD and any shop-floor staff involved in the fining or assembly of the products. Key 
geometric features were compared with those submitted, and verification was sought that 
revisions or modifications to the design had been taken into account. 
This essential monitoring ensured that the design process worked effectively, and that clear 
communication was maintained. The findings of inspection usually indicated conformance 
with the supplied data, but when a non-conformance was recorded a subsequent process of 
fault-tracking was required. This may have indicated a shoncoming in the information 
originally submitted, in which case the fault was corrected for subsequent submissions and 
the manufacturer was notified but not held accountable, or a failure on the pan of the 
supplier, in which case the data submitted may have been used as the basis for a potentially 
legal/liability dispute over the non-conformance. 
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4.4.4 Product Benefits 
T he new system has facilitated the rapid modification of designs and as a result has allowed 
more design alternatives to be investigated in the time available (ultimately leading to more 
manufacturable products, of a higher quality). T he abili ty to 'virtually prototype' and 
explore conceptual new designs before committing to manufacture was the main 
mechanism by which product benefi ts were realised. 
Original design data tor Sport Explorer -
previously, presentation of all design work 
was limited to this basic 2D format. 
Level of detail of the 3D model: staff, 
customers and suppliers now have access 
to a high-accuracy product definition. 
3D Virtual Prototype produced for extended 
wheelhouse variant of Sport Explorer -
before any manufacturing work had begun. 
One of the first boats manufactured using 
the new systems and processes- high 
performance: capable of over 40kts. 
Figure 25. Examples of Product Benefits 
Figure 25 highlights the influence of the new system on product development activities. 
Both customers and the workforce are now more involved in prod uct development, 
resulting in highly refined products which are more suited to customer requirements. 
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4.4.5 Enhanced Flexibility 
The new system has allowed the company to display greater Aexibiliry by responding 
rapidly to changing customer demands. For example, feedback from customers indicated 
that the original Sport Explorer would benefit from a reduced aft-deck and larger cabin. 
The CAD system was quickly used to generate a virtual prototype of the proposed design 
revision, which was subsequently presented to potential customers. This approach 
stimulated a culture of'participatory product development', which proved very effective. 
It was essential to work closely with customers, and subsequently suppliers, to ensure that 
their requirements were met. The 3D system was pivotal to this process as it allowed the 
generation of near photo-qualiry representations of the finished product to facilitate 
unambiguous discussion and unanimous agreement of requirements. 
4.4.6 Increased Product Variety 
The new system allowed an extensive 'virtual product range' to be developed, thereby 
increasing product variery. Despite this, the company has not had to commit to full-scale 
development of any products which are not actual customer orders (previously the 
company invested in full-scale mock-ups for product development). 
4.4.7 Faster & More Accurate Tendering 
As a result of the increased speed and ease in accessing data and implementing design 
changes, the company is able to respond much faster to customer enquiries and tendering 
opportunities. Furthermore, as a result of the enhanced product definition provided by 3D 
CAD, other organisations within the company's supply chain are able to quote for their 
contribution to proposed manufacturing projects more accurately. 
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4.4.8 Reduced Product Cost 
The improvemenrs in terms of process efficiency, reduction in mistakes and use of more 
cost-effective CAM techniques (such as CNC) have conrributed to a reduction in the cost 
of producing each vessel, which could also be passed on to consumers in the form of more 
competitive pricing. 
4.4.9 Reduced Product Delivery Time 
A reduction in product delivery time has principally been achieved via improvemenrs in 
both design and manufacturing productivity, which has increased signifkanrly - nor only 
within the design function, where the lead-time for the production of designs, 
manufacturing drawings, dara retrieval ere has been reduced to a fractional level (in some 
cases exceeding 8:1 in comparison with manual methods), bur also within manufacturing, 
where rhe new guidance material has allowed people to work faster, more consistently and 
with a lower propensity for mistakes. This has contributed to a reduction in the overall 
'rime to marker' for the company's products. 
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4.4.1 0 Enhanced Sales & Marketing Capabilities 
Using the 30 CAD system to produce a wide range of rendered images and other visual 
outputs ultimately brought the majority of marketing activities in-house, resulting in 
significant cost savings, higher quality output and greater control over IP. For example, the 
production of marketing materials for the Southampton International Boat Show in 2006 
realised cost savings in the order of £3500. 
Splash-screen for auto-run CD sent out In 
response to customer enquiries- Included 
CAD Images + animations of product range. 
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Brochure produced In-house for 2006 
Southampton International Boat Show-
printed before boat had been completed. 
Figure 26. CAD Contributions to Marketing 
Figure 26 highlights some of the areas in which CAD outputs have been exploited in-house 
to support the marketing function . 
4.4.11 Improved Image 
The intangible benefits of the implementation have been equally significant. The new 
technological capability has helped to build the company's reputation for innovation and 
creativity throughout the local business community. Company links with the knowledge 
base have been significantly strengthened - the author arranged company visi ts I factory 
tours for students from several HEis and Falmouth Marine School. 
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As a result of its success, the project was highlighted as a case study for the South West 
Regional Development Agency (SWRDA) and Knowledge Exploitation South West 
(KESW). The author was also invited to publicise the success of the project by delivering 
presentations on behalf of: the University of Plymouth's Department for Research and 
Innovation (RIO), SWMAS, McNeel, Unlocking Cornish Potential (UCP), the Cornwall 
Engineering Group (CEG) and Combined Universities in Cornwall (CUC). A video of one 
presentation is currently available online [135]. 
4.4.12 Benefits to the HEI 
The University has benefited from the project in several areas. The KTP has facilitated the 
feedback of expertise and knowledge of real industrial challenges. The author also delivered 
several lectures to undergraduates and delegates on University short-courses, and worked 
closely with several undergraduates, and other KTP Associates employed by the University, 
in order to provide case studies and other relevant input to related projects. 
4.4.13 Benefits to the Author 
The author has benefited significantly, having gained experience in: the running of projects, 
implementing new technology I managing TT, manufacturing process control and 
optimisation, CAD/CAM/CAE/CNC and advanced composites manufacturing techniques 
as well as gaining a deeper appreciation of cultural issues, company processes and 
relationships between key business functions and individuals. 
The experience has helped to develop ability in analysing information rapidly to support 
key decisions, in an environment where time is at a premium. The author has also been 
funded to undertake this MPhil, as well as number of other training activities and 
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qualificarions including: rhree week-long residencial modules, an NVQ Level 4 in 
Management, and rhe Chanered Managemenr Insciruce's 'Chanered Manager Award'. 
4.5 Managing the Change 
Introducing rhe new sysrem involved challenging cradicional working praccices, requiring 
careful change managemenr and awareness of rhe significanr culcural implicacions of rhe 
projecr. The rechnology, which was inirially perceived as a rhrear by rhe workforce, was 
ulcimarely fully embraced across rhe organisacion. This was largely achieved by developing 
rhe workforce's underscanding of rhe capabilicies of rhe new sysrem and encouraging rhem 
ro identify new opponunicies eo apply rhe rechnology, whilsr providing rhe rechnical 
expenise necessary ro pur rheir ideas into pracrice. 
Ic was essencial eo involve scaff ar every level in: arciculacing a compelling case for change, 
developing a shared vision of rhe furure and crearing rhe condicions for success. This was 
achieved by working closely wirh management eo shape and develop a compecicive srraregy 
char addressed rhe businesses needs, and meecing wirh sraff'on rheir own ground' eo discuss 
how rhe new rechnology could be applied across rhe organisadon, as well as rhe wider 
implicacions of rhe change. 
As a resuh of rhis involvement rhe aurhor was able eo produce a Specific, Measurable, 
Achievable, Realisric and Time-bound (SMART) projecr plan char: 
1. Addressed rhe srraregic needs of rhe business and supponed irs compericive srraregy 
2. Demonsrrared how rhe changes could be delivered wirhin rhe desired rimeframe 
3. Included projecr milesrones and defined indicarors I measures of success 
4. Would be confidendy supponed rhroughour rhe organisacion by sraff ar every level 
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Staff were regularly updated on progress, via both formal and informal pathways, allowing 
them to track developments and relate their individual contributions to the overall success 
of the project. It was particularly important to remain flexible, responding quickly and 
decisively to the continuously changing strategic needs of the business in order to maintain 
direction and focus. 
4.5.1 Communication 
Effective communication was vital throughout the change process. The needs of the various 
project stakeholders (who each had different levels of interest and involvement) had to be 
carefully balanced. To achieve this, a number of separate communication channels were 
established, each of which was appropriate to individual stakeholder needs. These included: 
monthly 'technical meetings' involving the immediate project team, weekly progress 
meetings involving the company management team, open I conference phone calls and 
emails, formal reports (both full and executive summary), company-wide change bulletins 
and presentations. In addition, four-monthly Local Management Committee (LMC) 
meetings (which involved representatives from the company, University and the DTI) were 
built into the KTP project structure and provided an opportunity to review project progress 
against the strategic aims of all parties. Succinct communication was key: a great deal of 
information needed to be communicated in a short period of time and it was important to 
focus on the 'bigger picture' rather than the 'day-to-day' detail. 
Equal importance was placed on 'upstream' communication with management and 
'downstream' communication with the workforce - this was essential, not only to provide 
clarity and keep people informed, but also to receive their vital feedback. There was a 
strong need to maintain regular contact, even when the news was bad, as a lack of 
information could quickly lead to potentially damaging speculation. Responding effectively 
to concerns and offering support and guidance was also vital. 
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4.5.2 Strategy 
Adopting a strategic approach to the project, with the principal aim of improving and 
sustaining high levels of bmh personal and organisational performance, was fundamental in 
delivering successful change. 
This was achieved throughout the project by: consistently engaging with both sraff and 
management to keep abreast of company developments and changes in strategy, identifying 
constraints (and developing ways of both challenging and working within them), 
considering wider implications, appreciating other people's points of view, and remaining 
vigilant as ro continuously changing strengths, weaknesses, opportunities and threats rhat 
could affect the business (nm just immediately, bur over rhe short and longer-term). 
In practice, this involved 'asking the difficult questions' to ensure rhe real business needs 
were identified and articulated. The most poignant example of rh is was the issue of project 
closure - the message that the company pmenrially faced a skills-gap unless operational 
knowledge of the technology was embedded had to be strongly reinforced. 
4.5.3 Opportunities for Change & Development 
Many of rhe improvements and refinements made to the implementation srraregy were 
suggested by rhe company employees who were directly affected by the new technology. Ir 
was therefore essential to foster a culture of open and honest communication -encouraging 
staff at every level to identify and discuss opportunities for change and development. For 
example, a significant amount of work was undertaken to oprimise the new manufacturing 
processes and techniques - this involved working closely with rhe workforce to gather 
feedback and evaluate the processes as well as encouraging individual members of staff to 
rake the responsibility and ownership necessary for a 'continuous improvement' 
environment. 
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4.5.4 Support & Development 
A number of staff development activities were undertaken throughout the project, these 
included training both individuals and teams in the new techniques and processes as well as 
educating staff in the capabilities of the new system in order to enhance their 
understanding. It was important to manage relationships on several different levels, from 
the management team's strategic interest in the technology, to the shop-floor staff's direct 
involvement with the CAD outputs and new manufacturing processes. 
Despite operational knowledge of the technology being beyond the scope of most roles 
within the organisation, it was considered crucial that the system's ' internal customers' (i .e. 
the people who worked with the drawings, or assembled components produced via 
CAM/CNC) should understand, and to some extent influence, what happened 'upstream'. 
4.6 Observations & Lessons Learned 
T he author's unique opportunity to directly observe the issues facing a contemporary 
L TESME in its adoption of AMT, whilst simultaneously influencing and shaping the 
implementation strategy, has provided a fascinating insight into the real-world challenges. 
( 1. Organisational Constraints ) ( 8. Data Transfer ) 
....().--
( 2. Planning & Project Management ) ( 9. Skills Displacement ) 
....().-- ~ 
( 3. Selection of Appropriate Technology ) ( 10. Dependence on Individual Members of Staff ) 
....().-- ~ 
( 4. Management Support & Understanding ) (11. Reverse Engineering Challenges ) 
~ ~ 
( 5. Time to Experiment ) ( 12. Cultural Integration ) 
....().-- ~ 
( 6. Networking & Awareness ) ( 13. Manufacturing Integration ) 
....().-- ~ 
( 7. Access to Advanced CAM ) ( 14. Training, learning & Support ) 
Figure 27. Factors Identified by the Author 
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Figure 27 shows the fourteen factors identified by the author as having a significant 
influence on the success of the AMT implementation. A number of important lessons have 
been learned - these are summarised throughout the following sub-sections and will be used 
to contribute to the development of the model in the next chapter. 
It should be noted that whilst these observations are highly 'internally valid' they are seen 
from the perspective of the author and as a result it may be difficult to differentiate between 
opinion and fact. These findings (and the subsequent development of the model) therefore 
comprise the 'introspective reflection' described in the research methodology. 
1. Organisational Constraints 
A number of organisational constraints hindered the technology implementation process. 
Limitations were commonly related to a relative lack of collaboration, both internally, 
between different business functions (and notably between the company management and 
shop-floor employees), and externally, between organisations in the supply-chain. 
Formal relationships between key business functions were not always clear - things seemed 
to 'just happen' rather than following a well-defined process. This lack of formality 
conflicted with the disciplined approach necessary to ensure parity between the CAD data 
and the real-world components, and therefore became a source of frustration throughout 
the project. 
The strong emphasis placed on day-to-day problem solving and visibly value-adding 
business processes meant that there was insufficient time to bring people together to 
collectively plan the application of the new technology. There was also found to be a lack of 
understanding (and in some cases an initial lack of interest) about what the technology was 
capable of achieving - so a lor of rime was invested in re-educating rather than strategically 
planning. 
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le became clear that the technology could not be used to replace the judgement of skilled I 
experienced designers, rather, that it was a complementary addition. Implementing new 
technology therefore requires commitment across the entire organisation, clear and careful 
planning (clear aims, objectives and achievements) and effective support and evaluation. 
2. Planning & Project Management 
Effective planning and project management were crucial in guiding the implementation 
and providing focus for the various stakeholders. One highly effective approach was to use 
the new technology relatively early on a project of high strategic value for the company (a 
'critical pilot project') in order to demonstrate value and inspire confidence. 
The highly structured nature of the KTP scheme was particularly effective - regular team 
meetings involving all stakeholders ensured that a realistic project plan was followed 
throughout the implementation, and that changes in strategy were responded to swiftly. 
3. Selection of Appropriate Technology 
The selection activities undertaken early on in the project proved to be highly effective in 
delivering an eminently suitable solution. Key metrics for software selection included: 
functionality, interoperability, capability and complexity. It was initially assumed that a less 
expensive solution would be less functional in operation. However, this was definitely not 
the case. Appropriateness was found to underpin the requirements for software selection -
and is perhaps the single most important factor for successful technology uptake. 
Another related observation is that the level of detail of the model within the CAD system 
needs to be determined early in the design process. This is important because the modelling 
process itself was also found ro be extremely time-consuming. le was found that Rhino was 
both intuitive and relatively easy to learn. Furthermore, the software could be applied very 
134 
'freely' and innovarively across rhe business - rhis is in stark contrast ro many of the 
traditional misconceptions that CAD is a 'rigid' and restrictive tool. 
4. Management Support & Understanding 
The support of both rhe project and company management teams was essential to the 
success of rhe implementation. Ultimately, management control the resources within the 
organisation - it is therefore paramount that they are aware of the key issues, with an 
informed {and ideally detailed) understanding of both the function and capability of the 
new technology, and rhar they support rhe various implementation activities 16• 
Management must be patient, acknowledging that successful implementation relies on 
allowing adequate rime and committing adequate resources. 
5. Time to Experiment 
Allowing adequate time to experiment and 'play' with the software {on non-commercial 
projects I exercises), in order to develop an advanced level of competency, was perceived ro 
be a key contriburing success factor. This approach required a significant investment of 
time and resources, but the rewards were significant. The experience highlighted the 
criticality of the relationship I interaction between operaror and system, and the importance 
of recruiting staff capable of adequate (bur ideally expert) operation. 
6. Networking & Awareness 
Building awareness of rhe implementation project throughout the wider business 
community was important. The author's presence at a range of industry events led to the 
16 jonrs & jai11 identified 'upper management suppon' as a key success factor in the implementation of new technology, 
and suggested that there needs to be a "conscious effon to think about the impact of technological change on the market 
position of the firm" [ 15]. 
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development of an influential commercial nerwork - able to offer support, advice and 
mentoring in numerous areas. Presentations delivered throughout the implementation were 
extremely well received and helped to raise national awareness of the project as well as the 
wider KTP scheme. For example, the author maintained close contact with developers at 
McNeel and was invited to present at the UK Rhino User Meeting - the opportunity was 
used to promote the project, and highlight what can be achieved to an audience of over 100 
SME managers and technologists. 
7. Access to Advanced CAM 
One of the major benefits of the 3D CAD system was anticipated to be the ability to 
exploit 5-Axis CNC production methods, which would have allowed for the construction 
of 'organic' sculpted surfaces for mould tooling: potentially a source of significant 
competitive advantage for the company. However, in reality 5-Axis CNC was determined 
to be cost-preventative for a business of this size I type. This limitation must be overcome 
in the longer-term by developing relationships with other organisations I technology 
partners who could provide more cost-effective access. 
8. Data Transfer limitations 
Despite selecting a CAD system with exceptional interoperability, the transfer of data to 
and from different formats was found to be problematic when dealing with some suppliers -
particularly those with a lower technological capability. It is difficult to say how this might 
have been improved, although supply chain management practices could address this issue. 
9. Skills Displacement 
The displacement of core-skills was found to be a significant problem in the 
implementation of 3D CAD at Kingfisher Boats - primarily the naval architecture I marine 
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engineering competencies that had been previously provided by the contracted manual 
draftsmen. Building awareness of this issue, and ultimately recruiting new staff to bridge 
these 'knowledge gaps' will be essential over the longer-term. 
10. Dependence on Individual Members of Staff 
The implementation has also naturally led to a greater dependence on key members of staff 
- particularly those with a developed technological understanding and ability. Whilst this 
has been somewhat unavoidable, it does pose a significant risk to the business which needs 
to be addressed, and minimised. 
11. Reverse-Engineering Chal lenges 
One of the most challenging aspects of the implementation was ensuring the CAD data 
accurately represented the mould tooling and other components on the shop-floor. In 
many cases there was a lack of formally recorded design data (either 20 drawings or CAD 
data) available for the various mouldings and components. A great deal of effort was 
therefore required to reverse-engineer geometry, drawing on any data available, or carrying 
out surveys of the real-world components to generate new reference information. 
A comprehensive 30 survey of the Fastcatch 
hull mould was undertaken by the author: 
using a 'dumpy level' and theodolite. 
Survey data (red dots) plotted In 30 against 
lines-plan data (white dots) In order to 
validate the hull model. 
Figure 28. Reverse-Engineering I Surveying Activities 
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Figure 28 shows a typical approach to reverse-engineering, involving a survey of the real-
world geometry to generate a data set comprising Cartesian (X,Y,Z) co-ordinates, which 
could be plotted in the 30 environment as a guide. The reverse-engineering of the 
Fastcatch hull was a particularly challenging project - there were three sources of data: an 
original hand-drawn lines plan (which had been used in the past by the shipwrights to 
construct the hull plug, and subsequently the tooling) a 'digitised' lines plan created by a 
Naval Architect who had worked with the company in the past (this had been generated 
using the hand-drawn lines plan as a guide) and the real-world geometry of the hull tooling 
and various hull-mouldings which were available on the shop-floor. These conflicting data-
sets had to be resolved in order to generate a model which accurately represented the real-
world geometry, to within an acceptable tolerance. 
Despite having been successfully relied upon within the conventional manufacturing 
process, the 20 design information available at Kingfisher was generally found to be of 
limited value for the purpose of reverse-engineering. Although there was evident use of 
logical I conventional drawing practice, the three individual views of components very 
rarely resolved in all three dimensions. 
Reverse-engineering aspects are discussed further in Appendix 7. 
12. Cultural Integration 
Integrating the system culturally throughout the entire organisation was found to be 
extremely important for effective technology exploitation. This process involved educating 
and inspiring the workforce to think about the range of possible applications for the new 
technology, whilst providing the technical expertise necessary to put their ideas into 
practice. An open and honest culture was perceived to be a key factor in promoting 
successful technology exploitation. 
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13. Integration with the Manufacturing Process 
Effectively operating and managing the 3D CAD system would not have been possible 
without a detailed understanding of 'downstream' manufacturing processes. Integration of 
design and manufacturing processes was therefore crucial to the success of the 
implementation. The CAD system offered support to the manufacturing process in a 
myriad of different ways. For example, detailed drawings or 1:1 scale templates could be 
printed on an ad-hoc basis. Use of the system was particularly effective in 'convincing' 
senior management of design or manufacturing proposals. Some problems were 
experienced in terms of keeping drawings and models current (both within the system and 
on the shop floor). 
14. Training, Learning & Support 
It became clear throughout the early stages of implementation that the inost effective form 
of learning (once a base-level of competency had been established) was to attempt to apply 
the software in the real commercial setting. Only then would the areas in which the user 
required funher training become apparent. There must be an optimum balance between 
learning and achievement. Organisations need to recognise that non-value-adding activities 
can significantly improve performance in the long-term. 
Engaging with a number of online communities (e.g. the Rhino newsgroup) enabled the 
author to rapidly obtain targeted advice and guidance from a broad audience of users and 
industrialists. It was observed that the most effective way to use newsgroups was a pro-
active approach - where possible providing a detailed file demonstrating an attempt to solve 
the problem under the operator's own initiative. This tended to result in helpful, practical 
guidance and usually a 'fixed file' containing the solution. 
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Chapter 5 Development of the Model 
Chapter Outline 
T his chapter describes the development of a best practice model intended to enlighten and 
guide L TESME decision makers I operational managers involved in the implementation of 
AMT whilst illuminating the subject area for subsequent research. 
LTESME• •w Technology Enob '>d Smo I a Mod um Entorpnses 
Figure 29. Focus of the Investigation Figure 30. Development of the Model & Framework 
Figure 29 illustrates the conceptual framework around which this investigation has been 
based. So-far, the various components of this framework have been examined using two 
distinctly separate approaches - reductionism: through the literature review, and holism: 
through the case study. 
Figure 30 shows how the findings of each approach must now be combined, or 
' triangulated' [42], in order to develop the best practice model. This process is highly 
interpretive and therefore represents (along with the observations from the case study) the 
'introspective reflection' described in the research methodology - influenced by the author's 
own ' naturalistic generalisations' [41] . 
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5.1 Introduction 
As both the literature review and case study have shown; the implementation of AMT 
within LTESMEs via linkages involves the management of a number of complex inter-
relationships between various project stakeholders and, crucially, requires an appreciation of 
the factors which are likely to affect success. 
LTESME managers might start by reviewing the findings of the literature review, 
particularly the various characterisations attributed to L TESMEs, and evaluate the extent to 
which these apply to their particular organisation, in order to understand their own 
limitations 17 • However, managers should take care not to focus overly on any one aspect. 
5.2 Best Practice 
Increasingly, businesses are recognising that the way in which people actually carry out 
work activities usually differs from the 'documented I prescribed approach' and are 
therefore replacing the traditional approach of 'training and development' (based on 
existing practice) with 'learning activities' at organisational, team and individual levels to 
investigate examples of 'best practice' from other sources. In order to develop the model, it 
is first necessary to examine what 'best practice' means in this context. 
Mathaisel et al. define best practices in a relatively simplistic manner, suggesting that they 
are the various ways in which organisations have successfully addressed a particular problem 
[ 136]. They also observe that identifYing best practices within other organisations is a 
relatively easy task in comparison to 'transplanting' them within one's own firm. 
17 Ahhough not addressed by this investigation, the developmenr of a system to allow managers to undenakc a 
quantita1ive evaluation of the extem to which LTESME characteriSiics apply to their organisalion would be an excellem 
area for future smdy. 
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There are other common definitions of best pracrice. For example: that it represents a 
'standard way of doing things' which can be used by organisations to achieve success, that it 
is 'the best way' of achieving a particular objective - in other words, an approach which is 
'more effective' than any other, or that it is the 'most efficient' way of addressing a 
particular problem. In the context of this investigation, 'best practice' is intended to 
represent a series of discrete actions most likely to lead to the desired results in a given 
implementation of AMT. 
It is crucial to observe rhat although best practice can be considered as an efFective route to 
addressing the various implementation challenges, it is essentially a philosophy which 
logically contradicts that of innovation (the successful exploitation of new ideas). If no-one 
ever looked outside the best practice framework for solutions, then by definition there 
would be no innovation. Organisations are therefore encouraged to remain vigilant of 
opportunities to challenge rhe following model, and develop new ways of thinking. 
5.3 A Best Practice Model for the Implementation of AMTs within LTESMEs 
Preparation Action 
Es1abllsh the 
need to change 
c=l Creoteth& Q c:_ Wkln 1 Q '--cood-succe_iHons_ss_ror 
Acquire 
tectvlology and 
d&vetop 
PfOflciency 
~[-·M1 L.f' tectvlology 
Acquire 
knowledge& 
expertise 
Select 
approp~ate 
technology 
Embed the 
technology I 
Anchor the 
Changes 
Cyclic Relationships 
,;., Reline lh& 
'\rl lmplementoHon 
strategy 
Progressive Relationships 
Obs&fVeond 
m90SUrethe 
Impact 
Evaluate the 
lmplementotlon 
Figure 31. A Best Practice Model for the Implementation of AMT within LTESMEs 
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Figure 3 L illustrates the proposed best practice route for the implementation of AMTs 
within L TESMEs. The model draws on the findings presented in section 3.6 of the 
literature review, and section 4.6 of the case study in order to addresses both the physical I 
structural changes which need to occur as well as the key cultural, managerial and 
behavioural issues. 
By analysing the model and understanding the interconnectedness of the vanous 
components, LTESMEs managers should be able to: develop their own unique 
implementation strategies, explicitly planning the actions most likely to lead to the desired 
results (linking a clear path of implementation activities to a successful outcome), 
understand and visualise the 'boundaries' of a particular change effort and respond 
effectively to changes in circumstances throughout an implementation. 
Whilst progressing through the model (which is presented as an iterative cycle rather than a 
linear process) organisations should focus on the use of SMART objectives. The model has 
not been related to timescale, which will vary depending on many different factors 
including: the significance of the change, strategic issues, market forces, organisational 
constraints, availability of funding, availability of (and access to) linkages. 
The model should be applied in a manner appropriate to the scope and significance of the 
proposed changes. For example, there is little value in applying extremely complex and 
time-consuming strategies to a relatively simple change (e.g. the upgrading of existing CAD 
software to a later version with similar functionality). In contrast, the implementation of 
radical technology with far-reaching implications for the organisation would warrant a 
more thorough and detailed approach. 
The following sub-sections will review the main stages in more detail. 
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1. Establish the Need to Change 
Preparation ')::--~ 
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Figure 32. Stage 1 of the Model 
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Figure 32 highlights the position of stage 1 within the model. The first step in any 
organisational change effort is for the management to develop a strong sense of self-
awareness and clarifY: exactly why the business needs to change, and what the various 
barriers and constraints to achieving success are likely to be. 
This is achieved by developing a clear understanding of how the company (or a relevant 
sub-section) currently operates, examining the contemporary features of its internal and 
external environments, and anticipating the short and medium-term changes (in terms of 
environment, market, technology, personnel, legislation etc.) that are likely to affect the 
business's ability to compere effectively. 
The key here is to generate factual evidence of the need to change - this stage should result 
in a clear identification of driving and resisting forces . Despite this, logical information 
alone is rarely sufficient to drive through changes and rhis is therefore a preliminary step. 
1.1 Characterise the 'Current State' 
This process aims to develop a succinct description of how the business currently operates, 
and the positive and negative features of this condition. It is essential that the core 
characteristics of the business are understood in terms of purpose, business model, 
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operations, roles, activities, values, opinions and culture. The range of activities within the 
existing production cycle, including the various information flows and interactions between 
functions should also be examined. This knowledge is essential in order to understand what 
the organisation is actually trying to achieve, and what will need to change in order to 
realise that. 
1.2 Define I Articulate the Business Model 
The 'business model' is a conceptual tool used to describe the operation of an organisation 
via the definition of its core structure, features and processes. Business models come in 
various forms, and contain varying levels of detail. At its most basic level the business 
model must contain the following aspects: a value proposition, a target market, an 
infrastructure, revenue generation mechanism/s, a position within the value network (i.e. 
competitive position) and a competitive strategy. 
Techniques such as 'process mapping' may be useful in order to develop a dear 
understanding of the core business areas and to identify potential focus areas for the change 
effort. For further information on the concept of business models see [137-140). 
1.3 Develop a Mission Statement 
The mission statement as a useful tool for describing, in clear and succinct terms, the 
purpose for the business, the activities of the business and the values of the business 
(including desired levels of performance). It is important for organisations to articulate this 
information at this stage, even if they cannot say for certain how the specifics of the mission 
might change in response to the selection of new technologies. 
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1.4 Undertake a SWOT Analysis 
The SWOT analysis can be used ro audit the businesses srrategic posirion. The analysis 
considers borh internal facrors (the srrengrhs and weaknesses of the organisation) and 
external factors (the opportunities and threats presented by the external environment). 
Despite being a powerful tool, the SWOT analysis tends ro produce subjective results if 
used in an 'abstract' manner. The analysis should therefore always be undertaken in 
reference ro a stated objective or desired end-state. 
In this context the SWOT is intended to be used ro determine the extent to which each of 
the main organisational barriers and constraints identified in 3.1.3 are present within a 
given implementation - thereby allowing for the development of an approach which can be 
tailored to overcome these limitations. 
1.5 Undertake a PEST Analysis 
A PEST analysis audits the businesses environmental influences and considers Political, 
Economic, Social and Technological factors. The PEST analysis can be used to develop a 
detailed understanding of past, present and furure marker rrends, market forces, establish 
market growth or decline and assist in business positioning and operations planning. It 
therefore has important implications for influencing organisational strategy. PEST facrors 
can be classified as the 'opportunities and threats' in a SWOT analysis. 
1.6 Undertake a Competitive Analysis 
A competitive analysis identifies the businesses main competitors and assesses its strengths 
and weaknesses in comparison with those of the competition. The competitive analysis can 
allow the business to benchmark its current performance, and will inevitably help to 
identify areas where changes (e.g. new technology) could create a competitive advantage. 
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1.7 Undertake a Cultural Audit 
A firm understanding of the organisation's culture is essential in delivering effective change. 
The 'cultural audit' is an attempt to identifY and measure a range of cultural amibutes. It 
should focus on: power distribution, management style and key values. Other amibures 
which can be measured as part of the audit include: risk tolerance, degree of hierarchy, 
reward structure, collaboration, values, and innovation versus adaptation. 
1.8 Engage with the Workforce 
The need for change must be felt deeply throughout the entire organisation in order to 
ensure that the implementation is well supported. In fact, within SMEs suffering from 
cultural or communication problems the need for change may already be felt throughout 
many areas of the business to the exclusion of the management. 
Management should therefore engage with the entire workforce ro identifY and discuss 
'dissatisfaction with the current state'. Ultimately, the people best positioned to identifY 
problems or weaknesses with various organisational processes are the individuals who work 
within them. If there is a need to change then the findings will show that the current state 
is unreasonable I not viable as a long-term strategy. 
This stage is extremely influential because it allows people to think freely about the 
prospect of a better way of working - there may be opportunities to let people build their 
own case for change. This is also an opportunity to encourage open and honest 
communication, in order to develop common agreement, create a 'compelling case' for 
change, provide evidence, reinforce urgency and explain the consequences of not changing. 
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2. Create the Vision 
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Figure 33. Stage 2 of the Model 
Figure 33 highlights the position of stage 2 within the model. In order for the 
implementation to move forward successfully, the management needs to build on the work 
carried out during the first stage of the model in order to identify, and articulate, exactly 
how the business intends to address ' the need to change'. 
A 'vision' or ' image' of the future is required , supporred by a well-defined change 
programme I implementation strategy with clear outcomes, valuable enough to make the 
change efforr worthwhile. The vision should address rhe urgency for change, and the 
consequences of not changing. A strong vision allows the people within an organisation ro 
get involved in the change, rather than simply imposing a new way of doing things 
2.1 Characterise the Desired State 
This process draws on the feelings and opinions of project stakeholders in order to develop 
a succinct description of a viable furure state of operation. T his should involve staff from 
every level to some extent- open and honest communication should be promoted in order 
ro encourage 'buy-in'. 
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2.1.1 Develop a Vision Statement 
The vision statement is a useful tool for describing, in simple terms, 'where the company 
wants to be'. As the vision is used to create and drive the changes, it must be both easy to 
understand and communicate, and inspirational, using clear language and powerful images. 
In order to begin to define the vision, organisations need to ask the following questions: 
1. "Where are we now?" 
2. "Where do we want to be?" 
3. "How are we going to get there?" 
At this stage, organisations may only be able to answer questions 2 and 3 at a strategy level -
identifYing those technologies or systems which are appropriate for taking the business 
forward will almost certainly involve further research or collaboration. 
2.2 Develop the Project Plan 
Achieving the vision and requisite changes requires a strong 'project-managed' approach. 
The implementation cannot be handled by one person - the formation of a 'guiding 
coalition' to lead the project is therefore essential. This group should comprise team 
members from a variety of relevant backgrounds, whose skills and experience are 
complementary to the aims of the implementation. 
The plan should identifY 'who will do what, and by when' and hence outline the project 
stakeholders and address the approximate timescale for the proposed changes, including 
milestones and defined indicators I measures of success in order to allow progress to be 
tracked and measured. The project plan will normally contain at least the following 
elements: aims, strategic objectives, key tasks, milestones, deliverables, performance criteria, 
timeline, risk assessment, logistics and budget. Browne observes that there will almost 
149 
certainly be broader elements, such as: organisational structure, scope, roles and 
responsibilities, selection I recruitment, implementation plans, progress review and 
methodology [114]. 
There must also be a clear definition of who is leading the change process and who will 
approve the actions to be taken. The planning stage should consider the financial 
implications of the project, and include budgets for indirect costs such as training - there 
should also be some realistic contingency funding provided. 
2.2.1 Undertake a Stakeholder Analysis 
It may also be useful at this stage to review the project stakeholders' 'initial position' with 
regard to the potential change. This is useful in determining who will be affected and how 
well supported the change is likely to be, as well as identifying potential problem areas I 
sources of resistance. 
2.2.2 Undertake a Pareto Analysis 
The Pareto principle is the idea that in any project, 80% of the advantage can be generated 
by doing 20% of the work (when applied to quality improvemenr, the principle shows that 
the majority of the problems are produced by a few key causes). The Pareto principle can 
be applied to the planning stages of new technology implementation to estimate the 
potential benefits of a range of technological applications in order to select the most 
effective focuses and actions. 
2.3 Identify Change Champions 
It is essential to identify the key members of the organisation who will take a pro-active, 
leading role in driving the technology across the business. Browne observes that champions 
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are those members of the organisation or project team who are able to approach an 
implementation with positiviry, and ro use the right constructive and visionary language in 
order to make lasting change happen [114]. Champions can be from any level within the 
organisation and should be sufficiently 'empowered' to take appropriate action. 
2.41dentify Technology Gatekeepers 
Windrum & Berranger describe the role of a 'technology gatekeeper' - an experienced 
technologist working within the firm as parr of the implementation team to facilitate the 
process by 'shaping realistic expectations' regarding the likely benefits of the new 
technology [36]. The gatekeeper assists in 'translating' the strategic objectives of the firm 
into specific technological solutions, as well as providing in-house technical supporr, user 
assistance and basic training. They observe that 'codification' and the transmission of 
information relating to the technology (such as the production of user manuals, operational 
or process guidelines and systems documentation) may also be carried out by, or with the 
assistance of the gatekeeper [36]. 
Windrum & Berranger's definition is a strikingly accurate description of the author's own 
position within the case study implementation. 
2.5 Establish Communication Networks 
Effective communication networks must be established in order to ensure that both the 
case for change and various updates on progress throughout the implementation process 
can be communicated both frequently and consistently throughout all levels of the 
organisation (inconsistencies will be seen by employees as signs of uncerrainry and 
confusion}. This can be achieved via a number of formal and informal pathways (e.g. 
memos, change bulletins, newsletters and meetings). Ultimately, it is the effectiveness of 
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communication, and not necessarily the implications of 'good' or 'bad' news which is 
important. Ineffective communication presents one of the biggest barriers to organisational 
change efforts: perception is key. Careful management is required in order to provide 
clarification, address concerns, and avoid misunderstanding and resistance. 
2.6 Address Change Management Issues 
This stage is about changing mindsets, which is inherently very difficult. Mindsets include 
a combination of values, knowledge, expertise and information - people need to understand 
their own perspective in relation to the change, become receptive to new models, describe 
how they need to change, and receive feedback on their own flexibility. 
In many ways this stage is about removing the traditional borders of the organisation - this 
tends to produce powerful reactions, and for this reason it is one of the most challenging 
aspects of the change. Some people will display excitement at the ending of a familiar way 
of working. At the other extreme some people will experience the five psychological stages 
of major loss: denial, anger, bargaining, depression and acceptance. 
Personal issues such as job securiry need to be handled sensitively. People should be given 
time and opportuniry to 'disengage' from their old ways of working. However, it is possible 
to provide incentives to encourage this process - management have the opportuniry to 
recognise and reward desired behaviour in making the transition between states. 
Overcoming resistance to change is crucial throughout all stages of the model, but efforts to 
minimise resistance at this early stage can have the biggest impact on overall success. It is 
paramount to focus on the opportunity to win the support of the workforce I power groups 
within the organisation, and overcome scepticism. Resisrance is often founded on 
inaccurate information -so re-educating should be a key theme to overcome it. 
152 
2a. Acquire Knowledge & Expertise 
Establish the 
need to change 
Preparation 
Q Creota the VISion Q Create the condtllons for 
success 
Select 1 
approprtal9 
technology 
Acquire 
,-J\ technology and 
..., develop 
prolt<:lency 
fmb9d IIlo 1 (J technology I 
An<:hOf""' 
changes 
Figure 34. Stage 2a of the Model 
Action 
lmplemenllh:l c-l\. [ ~~e::~e ~~~ 
technology • I Y rmpocl 
Evaluate the 
rmplemenlatron 
Figure 34 highlights the position of stage 2a within the model. In order to develop their 
vision, organisations first need to acquire knowledge and expertise in order to understand 
where and how the new technology can be applied, and what the likely implications are in 
terms of structure, management and behaviour. 
If the knowledge is not available in-house, organisations need to engage with one or several 
'knowledge partners' via a suitable linkage mechanism. In this context 'knowledge parmers' 
are defined as those individuals and organisations external to the business, who are willing 
and able to transfer their own relevant knowledge and expertise in order to increase the 
effectiveness of the host company's AMT implementation, and assist in the identification of 
commercial applications for the new technology. Linkage mechanisms are either formal or 
informal arrangements which promote the transfer of knowledge, technology, skills and 
expertise between the partners. 
It is essential to ensure that both the knowledge partners and linkage mechanisms are 
appropriate. Knowledge partners should be selected on the basis of their suitability, in 
terms of capability, experience, culture and access to resources. Appropriate linkages are 
those which are inexpensive, efficient, mutually beneficial, low-risk and sympathetic to the 
constraints of the LTESME. 
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Figure 35. Stage 2b of the Model 
Figure 35 highlights the position of stage 2b within the model. In order to be able to create 
their vision, LTESMEs must reflect on the 'need to change' identified in stage 1, and draw 
on their newly-acquired knowledge and experdse in order to select an appropriate18 
technological solution. 
2b.l Technology Selection Process 
The technology selection process begins by examining the specific needs and requirements 
of the business at both strategic and operational levels, alongside the range of potentially 
applicable technologies. The findings of this investigation should be presented to the 
project stakeholders with a recommendation for an appropriate combination of hardware 
and software. 
2b.1.1 Establish Technology Needs & Requirements 
This is achieved by working closely with the management (to discuss how the new systems 
will support the competitive strategy and production cycle), and the shop-floor employees 
(to discuss shortcomings in the existing technologies I working practices, capabilities of rhe 
18 In 1.his conrext, appropriate technologies are those which are affordable, weU supported, reladvely easy to learn, and 
most importanrly, feature 1.he pre-requisite capabiliry I functionaliry to support organisational objectives. 
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new technologies under review, and how these could be applied to enhance performance). 
The technological capabilities of the other organisations within the company's supply chain 
should also be considered. The implementation team should also refer back to the 
characterisations of the production cycle, 'current state' and 'desired state' (identified earlier 
in the model) in order to establish the requisite capabilities. 
2b.1.2 Examine the Range of Applicable Solutions 
The range of available technological solutions should be characterised I categorised in terms 
of: training, support, cost, functionality and their associated challenges and benefits. To 
achieve this, organisations should undertake research using the various 'knowledge sources' 
identified in the literature review. The investigation should be inclusive, and consider the 
complete range of possible solutions. 
2b.1.3 Address Training Issues 
The majority of modern CAD programs require a significant investment in training in 
order to achieve optimal results and full exploitation of the sofrware. Some packages are 
known to require months or even years of experience to gain a sufficient level of 
proficiency. It is therefore necessary to examine the range of training options available for 
each sofrware package in order to develop an understanding of the level of support 
provided, as well as the associated costs. 
2b.1.4 Address Support Issues 
CAD users must be supported throughout the early stages of learning and experimentation 
in order to advance their skills more rapidly. It is often the case that software operators with 
new systems exercise a very small portion of the software that they feel comfortable with. 
The first step in using sofrware support is to try something new - if this yields unexpected 
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or unwanted results then the user can access support to address the problem and resolve it. 
It is therefore essential that rhe support mechanism is natural, 'user-friendly' and accessible. 
There are many potential sources for support: the first is a structured vendor support 
hotline. This is not offered on all systems and can take considerable time and effort on 
behalf of the user in order to resolve the issue. The second possible option is direct support 
from an engineer of a local reseller. Users may feel more comfortable with this solution but 
it is not always available or accessible. The third and most popular solution is to post a 
question to a user group or web discussion board: either general or industry-specific. 
2b.1.5 Address Cost Issues 
CAD software is usually purchased on a perpetual licence for a relatively large upfront fee, 
with annual maintenance for support and upgrades being charged on a rolling basis. Once 
purchased and paid for the company owns the license forever. This purchasing method 
does not always suit the project-oriented nature of modern design work - with some 
projects requiring higher or lower numbers of operators or even team members from 
outside the organisation itself. Regardless of the type of licence required, the full cost of 
implementation and maintenance, which is sometimes known as the Total Cost of 
Ownership (TCO), needs to be estimated. There may be opportunities for organisations to 
exploit 'bargaining power' or the prospect of mutually beneficial arrangements with 
vendors in order to reduce the purchase cost, or increase the value of the technology 
package. 
2b.1.6 Address Functionality Issues 
It is essential that organisations closely match their commercial requirements to specific 
technological capabilities. The system needs to be capable of performing in all of the ways 
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envisaged by the 'vision' identified in stage 2. If compromises must be made, the 
consequences should be considered very carefully. 
Products with limited or 'mismatched' functionality can lead to numerous problems 
including: a need to purchase extra software to achieve a specific functionality, a severe 
shortage of trained operators (or high-cost operators), heavy reliance on (potentially costly) 
support and difficulty communicating with other organisations. 
This is one of the most important facets of the technology selection process, as it can be 
very difficult for non-specialists to appreciate their own functional requirements whilst they 
still have relatively little experience with the technology. The 'knowledge partners' should 
therefore be heavily relied on to provide quality advice and steering. LTESMEs are 
particularly vulnerable to the risk of inappropriate selection - commonly as a result of 
misleading advice from technology vendors and other low-validity information sources. 
2b.1.7 Evaluate & Select Technologies 
Once the range of potential solutions has been identified organisations must begin to 
evaluate the information available, in order to establish the respective merits of each system. 
This can be achieved in a number of ways including: internal internet-based research, 
contact with technology vendors (to seek answers to concerns), contact with 'technologists' 
from other organisations. 
There should be a mong element of collaboration with the 'knowledge partners' to 
interpret the findings and evaluate the results in order to select an appropriate system. The 
technological experience of the 'knowledge partners' should be considered - although it is 
not a pre-requisite that the partners share common hardware or software platforms (it may 
be sufficient that they use a similar type of technology, as opposed to an identical system). 
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Figure 36 highlights the position of stage 3 within the model. This stage is concerned with 
creating the right 'climate' for change by aligning the businesses internal structures, 
processes and informal networks to support the implementation, and removing any 
obstacles and barriers. This is important because there is a tendency to focus overly on 
technological capabilities rather than the environment in which they will be applied - Nepal 
et al. observe a parallel that in developing countries, greater attention is usually given to the 
physical hardware element as opposed to creating the conditions required to use the 
technology efficiently and effectively [141] . 
3.1 Remove Obstacles & Barriers to Change 
This stage represents the transition from 'preparation' to 'action' and as such it provides the 
last opportunity to draw out objections and concerns before the technology is formally 
brought into the organisation. Everybody should be prepared to accept the prospect of 
imminent change. 'Winning-over' objectors is essential, and the promotion of co-operation 
and collaboration is crucial in achieving this - stakeholders should feel involved and 
engaged with the challenge as a team, confident that the right decisions have been made so-
far, and ultimately prepared and empowered to deal with the various problems which will 
inevitably emerge throughout the subsequent implementation. 
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By this stage there should be a clear understanding of who is organising the 
implementation, and what their specific roles and responsibilities are. This is also the last 
opportunity to address serious weaknesses in any aspect of the implementation. All of the 
activities from the previous stages must now be complete, in order to ensure that the 
relevant information is known, and the business is 'poised for success'. 
3.2 Focus on T earn Development 
With the strategic plan in place, management needs to focus on the people 'on the ground' 
that will ultimately be responsible for delivering and driving the changes. The most 
effective way of approaching this task is to focus on the development of small, high-
performing teams, each with clear roles, responsibilities and direction, featuring built-in 
linkages between individual objectives and organisational success. Measuring and 
monitoring systems should be implemented which include clear performance targets. 
3.3 Role Model Leadership Behaviours 
It is essential that leaders within the organisation role-model the kinds of behaviours that 
reinforce the change message. The behaviour of senior figures within the organisation has a 
very significant effect on attitudes, opinions and confidence with respect to the 
implementation process. L TESME managers should be prepared to support those members 
of the organisation who are likely to experience difficulty in accepting the change. For this 
to be effective, management must be seen to be trustworthy and credible. 
3.4 Engage with the Workforce to Negotiate Changes to the Strategy 
The implementation of new technology, and its impact on the organisation should result in 
a win-win situation for all parties involved in the change. In order to ensure this, 
management needs to engage with individual ream members in order to march their 
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personal development goals with the opportunities provided by the changes. 'Engagement' 
is the process by which people become personally implicated in the success of a strategy, 
change, transformation, or everyday operational improvement. Participation and 
'ownership' greatly increase the effectiveness of this process - it is much easier for people to 
support something they have a stake in. 
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Figure 37. Stage 4 of the Model 
Figure 37 highlights the position of stage 4 within the model. This stage focuses on re-
educating and training staff, to develop a level of operational proficiency amongst those 
who will ultimately be responsible fo r 'driving' the new system, prior to the technology 
being rolled-out across the entire organisation. This provides an opportunity for staff to 
start to work with the new systems in a familiar environment, but without the pressure of a 
commercial workload. 
There is likely to be a desire to keep this stage as short as possible, because of it is comprised 
primarily of non-value-adding activities. Nevertheless, it is essential that potential problem 
areas are identified early, and that operators are given sufficient time to explore the ful l 
range of capabilities of the new system in order to prepare for the impending 
implementation phase. 
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4.1 Commit Adequate Resources 
A significant commitment of time and resources is required in order to allow people eo 
familiarise themselves with rhe new technology, learn and practice rhe new techniques and 
overcome early frustrations. Organisations can draw on their 'knowledge partners' to assist 
wirh training and guidance, as well as exploiting rhe range of'knowledge sources' identified 
within the literature review. 
4.2 Implement Training 
Training is essential eo equip the implementation ream with rhe ability eo effectively 
operate and control the new technology. The research carried our in stage 2b should have 
identified rhe range of available training sources. Organisations should focus on using a 
combination of formal and informal training pathways eo develop technological 
competency and proficiency. 
Traditional 'classroom based training' is becoming harder to implement within many 
companies for various reasons: it is often very expensive (perhaps as much as the software 
itself), it is very disruptive to the operation of most design offices to have absentee 
employees, and critically, it is difficult to schedule training within a project's life to enable 
users to start using rhe new tools immediately. 
The training provided by vendors is usually high cost and nor always at a particularly 
advanced level. A stronger approach may be to review a range of informal sources such as 
online tutorials and advice sought through newsgroups. LTESMEs should also seek to 
develop relationships with independent technology specialises who may be able to offer 
bespoke (and perhaps free) advice and guidance. 
Management should maintain a positive and supportive learning environment throughout 
this stage. 
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Figure 38 highlights the position of stage 5 within the model. The implementation stage 
involves the introduction and 'rolling-out' of the new systems across the organisation. This 
should be carried out in a highly structured manner, beginning with a suitable pilot-
project, and subsequently scaling up the new processes throughout appropriate areas of the 
organisation. It is essential to monitor the progress of the implementation regula rly against 
the plan, making appropriate adjustments as the project progresses. 
5.1 Focus on Quick Wins 
It is crucial to focus on achieving some 'quick-wins' in order to build confidence and add 
some credibility ro the new techniques as early as possible in the implementation. This can 
be achieved via the selection of small, but vital commercial projects which can be used ro 
demonstrate the effectiveness of the new system. 
It should still be possible to respond early to difficulties and revert to traditional working 
practices to complete these tasks if serious problems are encountered. However, if this 
happens it could be very damaging for confidence in the new techniques. T he main aim of 
this stage is to carefully select projects which in reality have a high likelihood of succeeding, 
bur rhar depend on the new technology. 
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5.2 Scale-Up the Implementation Across the Organisation 
Based on the successful completion of the pilot projects, and once any initial concerns I 
problems have been addressed, the technology is ready to be rolled-out across the entire 
organisation. This should be carried our in line with the implementation strategy identified 
in stage 2. It is crucial ro ensure that adequate resources are committed at this stage. 
There should be visible support for (appropriate) experimentation. People must be 
sufficiently empowered to respond appropriately to unforeseen problems. The management 
should provide strong, visible leadership and support throughout. 
The focus should be on maximising the cost-effectiveness and productivity benefits of the 
new technology whilst ensuring value-adding outputs into sales, marketing and other areas 
are exploited as fully as possible. 
5.2.1 Obtain Feedback & Evaluate 
Although this stage is heavily focussed on 'action' it is crucial that effective feedback 
mechanisms exist and are able to provide the project stakeholders with accurate information 
concerning the implementation. The management should feel 'connected' to the changes 
occurring throughout the rest of the organisation. This relies on open an honest 
communication, and a focus on 'factual evidence' rather than personal opinions. 
5.3 Keep the Workforce Informed 
Because this stage is potentially the most disruptive, it is essential to develop an effective 
communications strategy to keep everyone up-to-date, informed and motivated. This 
should include honest feedback on the challenges and difficulties which have been 
encountered, and crucially, how these have been addressed. Communication is also vital to 
reinforce messages about where in the implementation process the company currently is. 
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For example, everybody should be clear about when 'transition' should evolve into 'normal 
running'. There are numerous tools and pathways available to managers including the 
establishment of 'change bulletins' company newsletters, the open celebration of reaching 
key milestones, company-wide meetings and presentations. 
5.4 Stage 5 Considerations 
The implementation phase will highlight how accurate initial assumptions about the design 
and production processes were, and the presence of skills or capabiliry gaps may begin to 
emerge. At this point in the implementation it is likely that formerly simple tasks may take 
longer, and in many cases may appear more difficult. As a result, this stage is where 
resistance is most likely to arise - this needs to be handled effectively and quickly to prevent 
the spread of pessimistic attitudes or 'scaremongering' which could threaten the success of 
the implementation. 
The risk of failure needs to be accepted without apportioning blame - the organisation 
needs to learn from early challenges, and accept their presence as part of the learning 
process, rather than an indication of problems inherent in the new technology or the overall 
approach. 
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6. Observe & Measure the Impact 
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Figure 39 highlights the position of stage 6 within the model. This stage is intended to 
provide the management with a clear picture of how the business operates following the 
implementation i.e. in the 'changed condition'. To achieve this, the characterisation of the 
'current state' of the business which was developed in the first stage of the model needs to 
be updated in order to reflect on, and quantify, the changes which have occurred. 
Like the first stage, the focus here is on gathering 'factual evidence' rather than drawing 
conclusions - 'dealing in fact' is important because it allows people to understand 'what is 
actually happening' , rather than speculating on 'what they think is happening'. 
6.1 Monitor & Review Performance 
In order to establish how the business has changed, the management needs to review the 
original performance criteria, and implement a range of associated monitoring strategies. 
The aim is to establish whether the results achieved are higher or lower than those which 
were originally anticipated. The impact on the supply chain should also be considered in 
terms of data communication issues, financial impacts (engage the accounting I purchasing 
functions for this) , interoperabiliry of data, and effects on working relationships. 
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This stage requires open and honest communication. Regular team meetings and reporting 
mechanisms should be established in order to track progress, measure achievement against 
the original performance criteria, discuss key issues such as process and structural changes 
and skills displacement. This will involve engaging with the workforce to gather opinions I 
observations in order to establish the 'cultural impact' of the changes. The data collected in 
this stage needs to be collated and formally presented to the guiding coalition. 
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Figure 40. Stage 7 of the Model 
Figure 40 highlights the position of stage 7 within the model. The evaluation stage draws 
together the observations made throughout the implementation so-far, in order to 
summarise the key changes in organisational performance, explain how these can be 
arrributed to the new technology and compare these findings against the original project 
aims and objectives. This stage also represenrs an opportunity to suggest improvemenrs to 
the implementation strategy which have become apparent, and to review emerging business 
needs and technological trends. 
The ultimate aim of the evaluation process is to improve organisational performance, and 
crucially, to improve the performance of subsequenr implementation projects. 
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7.1 Compare 'the Vision' with 'the Reality' 
A number of qualitative and quantitative indicators should be used to compare the 'vision' 
developed in stage 2 with the 'reality' observed in stage 6, and to determine the value of the 
changes that have occurred. It is important both to identifY and, crucially, to explain any 
variance between intended and actual outcomes. 
Effective project evaluation relies heavily on open and honest discussion wirh staff from all 
levels of the organisation - it is important to identifY why and where problems occurred, 
and to recommend corrective improvements not only to organisational processes and 
procedures, but to the overall strategy. 
7.2 Review Financial Aspects 
At this stage it should be possible to review the actual costs involved with operating and 
implementing the new technology - rhis may include the various 'hidden costs' which have 
emerged throughout the implementation (e.g. software or hardware costs which were not 
immediately apparent). This work should contribute ro an accurate understanding of the 
TCO of the new technology and associated processes. 
7.3 Stage 7 Considerations 
It is essential that the purpose of the evaluation phase is clearly understood throughout the 
organisation - it is tempting for people to consider the implementation successful without 
understanding 'why it is successful'. The technical competencies required to collate and 
analyse data must be available, and adequate resources (i.e. time, money, equipment, and 
people) must be committed to achieve this. 
It can be difficult to evaluate accurately due to issues with 'real world complexity'- in other 
words, there may be numerous other factors contributing to changes in organisational 
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performance which cannot be attributed directly to the technology, although it may appear 
that they are related. Problems with evaluation can also arise when the objectives of the 
evaluation process are not clearly articulated or are not readily measurable. 
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Figure 41 highlights the position of stage 8 within the model. The refinement stage 
provides a 'feedback loop' in order to address the less-successful elements of the 
implementation and to improve the quality of the activities contained therein. Successful 
processes may be optimised and the gains consolidated to achieve yet further change. 
T his stage involves engaging with the workforce to identify opportunities for process 
improvements I corrective initiatives. Refinements may include: reducing operational and 
other costs, developing process improvements, reducing cycle times, removing 
inefficiencies, changing roles or responsibilities, and in some cases the justified discarding of 
certain aspects of the initiative which cannot be made to work effectively. 
T ransparent communication is essential. Management should be prepared to discard 
aspects of the implementation that aren't working out, whilst successful processes should be 
optimised and the gains consolidated to achieve more change. 
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Figure 42 highlights the position of stage 9 within the model. This stage focuses on 
crystallising the successful elements of the implementation in order to move from 
'transition' to 'normal running'. The changes need to be 'institutionalised' to prevent the 
organisation reverting to the 'old way'. The language, behaviours and actions of those 
leading the change {at every level) should acknowledge the completion of the major 
challenges, and a move towards 'self-sufficiency' in the operation of the new technology. 
At this stage any outstanding documentarion or 'codifying' of the new techniques and 
processes must also be completed. This might include the production of process charts and 
procedures, and the updating of induction documents to reflect the new practices. 
It is important to openly recognise those who have performed well throughout the 
implementation, highlighting clear linkages between individual achievements and 
organisational success. It is equally important to 'declare victory' in order to 'draw a 
psychological line' under the achievements, and secure acceptance and commitment. 
The attention of the management should turn to maintenance of the new technology and 
continuous improvement {Kaizen) activities across the organisation. Formal linkages with 
the 'knowledge partners' can be disengaged and evaluated - although relationships should 
be maintained to seek our future opportunities for collaboration. 
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The business should also establish an ongoing commitment to learning - including the 
establishment of technology scanning practices (to keep abreast if new developments), 
whilst preparing itself for the inevitable future changes. 
10. Continuation of the Model 
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Figure 43. Continuation of the Model 
Action 
H aving successfully implemented the new technology, the company should be in a position 
to 'self-sufficiently' continue with its day-to-day operations without further external 
assistance. H owever, the completion of the implementation process really represents an 
opportunity for new change to begin- there will always be room for improvement. 
A number of ' triggers' may lead back to the first stage of the model, as highlighted in figure 
43. T riggers may be comprised of various internal and external influences including: 
changes in market conditions, legislation, competitive factors, the emergence of new 
technologies, loss or gain of staff with relevant expertise, and opportunities for 
collabora tion . 
L TESMEs should actively monitor many of the developments that may act as triggers by 
engaging with the various knowledge sources identified in the literature review. For 
example, a good understanding of the 's tate of the art' in terms of technology for specific 
industrial sectors can be maintained by attending industry meetings and focus groups. 
170 
Chapter 6 Discussion & Conclusions 
Chapter Outline 
This chapter summarises the key findings of the research and discusses the investigation's 
contribution ro the research cycle. T he implications for both L TESMEs and researchers are 
considered. The thesis concludes with a discussion of the limitations of the investigation, as 
well as a series of recommendations for further work in this field. 
6.1 Introduction 
Change 
Needs Capabilities 
8 Barriers 8 
LTESMEs Low· Technology-Enabled Small & Medium Enterprrses 
AMTs (Design-Oriented) Advanced Manufacturing Techno/ogtes 
Figure 44. Reviewed Research Context 
In answering the question "what factors affect the implementation of AMTs within 
LTESMEs?" this investigation has examined the features of contemporary AMTs, 
LTESMEs and the various linkage mechanisms available ro them, leading ro the 
development of a best practice model and framework. Effective change management has 
been found ro underpin successful implementation, and figure 44 shows the original 
research context, modified to reflect the significance of this underlying component. 
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6.2 Summary of the Investigation 
This investigation has been successful in accomplishing its main objectives: 
1. L TESMEs have been characterised in terms of technology, suucture, management, 
behaviour, infrastructure and processes, culture, suategy and access eo financial 
resources. The various ways in which these feamres can manifest themselves as 
barriers or consuaints eo the uptake of AMT have also been examined. 
2. The feamres, characteristics, capabilities, benefits and associated challenges of 
contemporary design-oriented AMTs {and the various ways in which these can be 
leveraged by SMEs eo gain competitive advantage} have been examined. 
3. The primary knowledge sources and various rypes of linkages available to assist in 
the dissemination of AMTs into LTESMEs have been identified and discussed. 
4. The concepts of change, human resources and qualiry management have been 
briefly introduced, and the implications for LTESMEs discussed. 
5. The implementation of an AMT system within one SME manufacturing firm via a 
formal linkage with an HE! has been presented as a case study. 
6. A best practice model and associated guidance has been developed eo assist 
LTESME managers in the implementation of AMT. 
The investigation has been primarily 'interpretive' and qualitatively-biased, drawing on a 
combination of reductionist and holistic approaches, and yielding some valuable insights 
into the issues associated with new technology adoption in SMEs. The body of knowledge 
gained throughout the investigation, in combination with the best practice model, provides 
a reference ro help LTESMEs avoid many of the pitfalls associated with implementing 
AMTs, whilst sueamlining their efforts, and improving their overall chances of success. 
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6.3 Contribution to the Research Cycle 
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Research 
Conclusions 
Literature Review 
Case Study 
Start 
Action 
Research 
Introspective 
Reflection 
Analysis 
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Validation by Panel 
Validation by Case Study 
Delphi/ 
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Figure 45. The Research Cycle [42, 43] 
0 Covered by this Investigation 
0 Not Covered by this Investigation 
Figure 45 shows the research cycle proposed in chapter 2, which has provided a logical 
framework on which to structure this investigation. As has already been acknowledged, the 
investigation has not covered a complete revolution of the cycle. A testing phase 
(undertaken as part of a separate future study) will be essemial in further validating the 
proposed best practice model. Some ways in which this could be achieved, and other 
possible extensions to the research are proposed in section 6 .6. 
6.4 Main Conclusions 
This investigation has highlighted the importance of SMEs, showing that they represent a 
vital component of both the national and global economies. Despite their celebrated 
diversity, SMEs are united by a common need to innovate19 in order to remain competitive 
in an increasingly challenging business climate. As technological innovation processes 
continue throughout industry, the level of pre-requisite knowledge required increases. 
19 In this conrexr, innovations include: rhe implemenration of new technologies, improvement programs, new processes, 
advanced managemenr practices and the development of external relationships. 
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Organisations lagging behind in terms of technological progression are faced with the 
prospect of an increasingly uncomfortable and radical change in order to survive. 
Dosi identifies four 'innovation characteristics' - uncertainty, reliance on academic research, 
complexity, and the importance of learning by doing [142). Lambert & Barber highlight 
the importance of 'absorptive capacity' in terms of pursuing technological innovation [24). 
Despite offering an 'optimal environment' for innovation (SMEs tend to be lean, agile 
flexible and passionately managed organisations - capable of absorbing significant disruptive 
change), many firms experience difficulties. 
This investigation has highlighted the inadequacy of the SME definition in terms of 
identifYing varying levels of technological sophistication, or other factors which could 
influence a firm's ability to innovate successfully - proposing a new definition, rhe 
L TESME, which can be used to group small firms in relation to their potential to 
successfully implement AMTs. 
The various LTESME characteristics, particularly those arrribured to the owner-manager, 
provide a fascinating insight into rhe factors rhar contribute to poor innovation 
performance. The investigation has shown how these become manifested as barriers and 
constraints to technology uptake. A Scientia study concluded that the barriers are "more 
basic than most people realise" [48) including fear: of failure, technology or 'the unknown', 
and a lack of: knowledge, commitment, training, skills, finances or time. 
A key finding of the investigation was that 'appropriateness' underpins the successful 
adoption of new technologies, particularly via linkages. This creates a logical paradox for 
LTESMEs - in order to know what kind of technology they need, they must be able to 
articulate what they want to do with it - this is of course impossible, because rhey don't 
know what it can do, and lack the resources to find our. It is this process which can lead to 
the self-perpetuating skills and knowledge gap found in many L TESMEs. 
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One of the most important ways in which this can be overcome is through self-awareness of 
the inherent limitations of the L TESME, and the development of organisational learning 
strategies to identifY and overcome the various challenges. It is therefore essential that firms 
strive to create an environment which is conducive to, and supportive of, learning activities. 
Managers within such organisations need practical 'common sense' advice and guidance, in 
a language they can understand, in order to successfully engage new technology. And they 
need this fast - rapid developments in technology create new opportunities for innovative 
firms to capture market share, and spearhead new directions and trends within their 
respective industry sectors. Lundvall highlights the increasing importance of the emerging 
'learning economy', where the "abiliry to attain new competencies is crucial for the success 
of individuals and for the performance of firms, regions and countries" [88]. 
Linkages have been shown to offer the solution- bridging the 'knowledge gap' and allowing 
L TESMEs to access technology (and the pre-requisite knowledge) whilst mitigating or 
eliminating the associated risks. Furthermore, the linkage process itself stimulates learning 
and development within the host firm, leading to self-perpetuating innovation, and greater 
long-term growth and sustainabiliry. 
Despite the effectiveness of linkages, there is nothing 'extraordinary' about the way in 
which they deliver results. In fact, the principles behind the majority of linkage mechanisms 
are so elegantly simple that it is hard to believe that organisations have not considered 
undertaking the various activities before, and in some cases why it has taken the 
involvement of people from outside the organisation to act as a stimulus. 
The most obvious implication of this research is that implementing new technologies 
almost always involves significant organisational change. Brychan observes that the speed at 
which technology can be diffused is determined by the willingness of SMEs to 'make 
adjustments' and respond to change [39]. IdentifYing the need to change early (before it 
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becomes an imperative) is crucial. In simple terms 'it is better (for organisations) to jump 
than to be pushed'. Once a decision has been taken, it is the way in which the change is 
managed that to a great extent determines success or failure. In turn, change management 
has been shown to rely heavily on effective leadership and strategy. 
Change is a formidable challenge for organisations of all sizes, and requires determination, 
commitment and the ability to establish trust through openness and honesty. Success or 
failure in delivering change depends entirely upon how people are managed, how well-
informed they are, how well they understand the need to change and how well they support 
the 'change vision'. A structured linkage (or a 'knowledge parrner' with change 
management experience) gives organisations the best chance of achieving success. 
Although this research has focused on innovation through the implementation of design-
oriented AMTs (30 CAD/CAM/CAE), the underlying principles of successful technology 
uptake and the management of the associated change process, which have been uncovered 
by this investigation probably have much wider application. 
In assessing the extent to which the research community addresses the needs of L TESMEs 
it has become apparent that very little (of the reviewed literature) is of real practical value to 
the organisations themselves - not because it is incorrect, but because it is simply 
'inaccessible' to the managers (typically owner-managers) responsible for implementing new 
technologies within their businesses. 
The reality is that the majority of small business management teams are too busy to 
philosophise on their various problems, or read academic papers and journals, and are 
instead focussed on the immediate tasks to hand - reacting to problems, with little time for 
planning and strategy. However, as Kennedy & Hyland observe, "small firms will continue 
to struggle to compete while they are either unwilling or unable to invest in improvement 
programs and activities and new technologies" [11]. 
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Despite itheir: inherent. problems, small h.isinesses; with their rc::l:!tively; Hbdbl~. structures,. 
pragmatiC owner-mar\a~ers and ;freqiieflt exposur~ w !ilgh~risk business activities.' are idblly 
positioned tor c:ieali with the ipr~l!res of change. Jn .fact, L'iFESMEs .have many significant 
advantagc;s over larger, more inerth1lly~driveni enterprises; - and. therefore need w. gain 
:confldence;inrtheir:ability to '.out~perform rhe competition~ rhroughrembracing te~l1110lqgy; 
6.5 limitations of the Investigation 
Despite having been successful in achieving its original objectives, this investigation has 
contributed to an understanding of the subject area in a limited way. The following 
limitations have been acknowledged: 
1. The best practice model was developed largely through interpretation by the 
author. Therefore, without further testing, the model should be used cautiously. 
2. The literature review could have been more critical, with a greater emphasis on 
identifYing any gaps and deficiencies. Furthermore, the review was based on a finite 
number of references and it is therefore entirely possible that some valuable sources 
of information I research were overlooked or have only recently emerged. 
3. The case study I action research was largely based on qualitative data, and was 
naturally biased by the views and opinions of the researcher. The use of a single case 
study limits the investigation's 'external validity', which could be enhanced through 
a broader analysis. 
4. As has already been acknowledged - technological developments tend to occur 
rapidly, hence the validity and relevance of the findings of this investigation may 
diminish as new technologies emerge. 
5. Despite their value, the findings of this investigation are presented in a relatively 
inaccessible format for most LTESMEs. Practitioners within such firms would 
benefit from an abbreviated interpretation (e.g. a workbook or website). 
Referring back to Creswell's comments on qualitative research - this investigation has been 
'fundamentally interpretive', with a focus on substantiating the research problem, and 
perhaps more useful for those seeking a 'broad panoramic view' of the subject, rather than a 
'micro analysis' [41]. 
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6.6 Extensions to the Research 
As the scope of this investigation was extremely broad, it is acknowledged that it is unlikely 
that each issue has been examined or validated to the fullest possible extent. Therefore, it is 
essential to propose ways in which the 'research cycle' should continue with further 
description, explanation and testing, thereby increasing the validity of the findings. 
The following research questions are proposed to extend this investigation: 
1. "To what degree do LTESMEs agree I disagree with the proposed framework?" 
2. "To what extent could the best practice model apply to larger organisations?" 
3. "How can the model be refined and validated?" 
4. "How can the effectiveness of the model be quantified?" 
5. "How can the various components of the model be prioritised?" 
6. "How can the model be translated into a format more suitable for practitioners?" 
7. "How can the model be contextualised for specific industrial sectors?" 
8. "How can L TESME awareness of I access to knowledge and linkages be improved?" 
9. "What alternative approaches could be used to develop the model?" 
10. "Should change management and technological aspects be addressed separately?" 
There are numerous directions in which this study could be extended. However, to 
maintain the proposed 'research cycle' for this investigation, the initial focus of any future 
study should be to support the testing and validation of the concepts proposed so-far. 
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Appendix 1 Principles of Research 
1. The Nature of Learning 
Effective learning is a fundamental component of successful research. In an academic 
context, learning is an ' intentional process' involving the progression from an initial 
assumption or observation of a problem or phenomenon to a valid assertion, which can 
benefit from the application of a structured approach - examples of which can be found in 
the literature: 
Consolidation Questioning 
Testing Conceptuallsatlon 
Figure 46. The Learning Cycle [143] 
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Testing of New 
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Figure 47. The Experimental Learning Cycle [144] 
Both Handy (figure 46) and Kolb (figure 47) conceptualise structured learning as an 
ongoing 'cyclic' process. Their views echo Creswell's observations of the evolving nature of 
questioning, and also reflect experiences in the real-world: attempts to answer one question 
often lead to the emergence of new and previously unforeseen questions. 
Both cycles are driven by inquisitiveness and 
ACT PLAN rely on testing for validation. They can be 
simplified I approximated to Deming's iterative 
problem-solving cycle (figure 48) which, 
CHECK DO although deceptively simple, is considered to 
underpin successful continuous improvement. 
Figure 48. The PDCA Cycle [116] 
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1.2 The Nature of Research 
Academic researchers combine both structured learning and problem solving techniques to 
design investigations which can answer their research questions. Research is a process in 
itself, and it too can benefit from the application of a structured approach - examples of 
which can be found within the literature: 
(Description J (Description J 
{Jr !JQ~ ( Prediction J 
v 
( ExplanationJ 
( Testing ) (Explanation) 
~ 
Figure 49. The Research Process [145) Figure SO. The Research Cycle [42) 
Emory (figure 49) proposes that research consists of 3 sequential main tasks in which the 
description of a phenomenon allows concepts to be formulated which can be used to 
predict behaviour, hence offering an explanation for what is happening. 
Meredith et al. (figure 50) expand on this concept, proposing a repeating 'research cycle'. 
Originally developed within the field of operational management, their cycle has since 
fou nd much wider application, and supportS prior observations by Creswel/, Handy, Kolb 
and Deming- that learning, problem solving and research are iterative, non-linear processes. 
According to Meredith et al. descriptive research is concerned with the reporting of key 
elements I variables within situations or events, and rends to result in a well-documented 
characterisation of a subject. Having undertaken the descriptive phase, it may be possible 
for the researcher to postulate some initial concepts and begin to develop an understanding 
of a given situation by attempting to explain the observations [42]. 
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Subsequently, testin~0 focuses on the analysis of the generated concepts to see which are 
correct, which are false, and how to expand or modify them [42]. This in turn leads to 
further 'exploratory research'- where a particular aspect of a problem is investigated more 
fully, perhaps in isolation, in order to gain a better insight and understanding. This leads to 
further explanation and once again to resting - hence the research cycle continues. 
In realiry the boundaries between the stages (and even the order in which they are 
undertaken) may be different. Furthermore, an individual research study may not involve 
all stages. However, as Meredith et al. observe, "a description which does not explain, 
although research, is incomplete" [42]. Hence the validity and 'realism' of a particular study 
is significantly affected if the key stages are not undertaken in a justifiable order, or if the 
process overall is incomplete [ 48]. 
1.2.1 Research Outcomes 
Figure SI. The Normal Research Cycle [45] 
Figure 51 (which is adapted from Meredith) shows rhe various levels of understanding of a 
phenomenon that can be developed as the research cycle progresses. At the periphery are 
zo M~r~dith fl aL nore that testing rypically consists of prediction, based on the findings of previous stages, foUowcd by 
observation to see if the prediction was correct. 'l11ey also hold that a prediction may be formulated and checked against 
observations already made or included in the description [47]. 
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concep[S or abstract generalisations which appear to offer some explanation for cause and 
effect within the phenomenon under investigation. As the cycle continues, it may be 
possible for the researcher to construct a theoretical model which attempts to capture the 
processes operating within the phenomenon. 
Meredith et al. observe that "if a complex, relatively closed set of relationships appears to be 
operating, a framework may be constructed to explain the dynamics of the situation" [42]. 
Frameworks attempt to create a "conceptual frame of reference to help researchers design 
specific research studies, interpret existing research and generate testable hypotheses" [42]. 
Hobbs observes that frameworks have more 'explanatory power' than models [43]. 
Taking this concept further, and with more testing, a framework may become a theory -
these consist of a set of general principles that explain the observed facts and 
interrelationships between the variables in a given system, and must include some criteria 
that define the boundaries or scope. 
1.3 Research Validity 
Meredith et al. observe that "arguments frequently arise about whether the best research is 
that which proposes knowledge or that which validates knowledge" [42]. 
According to Joppe, validiry "determines whether the research truly measures that which it 
was intended to measure or how truthful the research results are" [146]. The validity of a 
research investigation therefore refers to the 'soundness' of its design and methods, the way 
in which it is executed, and the nature and analysis of the data collected. 
Seliger & Shohamy observe that "any research can be affected by different kinds of factors 
which, while extraneous to the concerns of the research, can invalidate the findings" [147]. 
IdentifYing and controlling these factors is therefore a primary concern for researchers. 
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Depending on the nature of the investigation, researchers can select from a number of 
validation tools and methods. Popular approaches include activities such as expert panel 
consultation (used to identify commonalities or differences in opinion between individuals 
in response to research findings) as well as structured I unstructured interviews. 
In order to select an appropriate method of validation, it is necessary to examine the two 
main rypes of validiry within research investigations: internal and external. The extent to 
which an investigation is either internally or externally valid is affected by: the size and 
nature of the population used in the research, the time dedicated to collecting data, the way 
in which data is collected, environmental effects and influences, as well as timescale [147]. 
1.3.11nternal Validity 
Internal validity describes the extent to which the findings of a particular research 
investigation determine the cause and effect relationships between two or more variables. 
Internal validity may be threatened if the outcomes were found to have been affected by 
factors other than those thought to have caused them or if the interpretation of data by rhe 
researcher is not clearly supportable [ 14 7]. 
1.3.2 External Validity 
External validity describes the extent to which the findings of a particular investigation can 
be 'generalised' and applied to a different setting or context. Seliger & Shohamy describe 
external validity as the extent to which "an experiment's results hold across different 
experimental settings, procedures and participants" [147]. 
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Appendix 2 3D CAD Capabilities 
Capabilities 
Figure 52. Capabilities of 3D CAD Systems 
T his section aims to identify the main capabilities of 3D CAD systems in order to assist 
L TESM Es in understanding how the technology can be applied in practice. Figure 52 
highlights the areas which will be examined throughout the fo llowing sub-sections. 
1. Representing Geometry 
3D CAD systems allow the complete geometric modelling of products or components 
within a software environment (' legacy' CAD systems and traditional approaches to design 
(e.g. manual drafting) have typically focused on the 2-Dimensional representation of 
geometry) . As Medland & Mullineux observe; there are clearly many advantages to be 
gained from the use of a system that allows designs to be generated in three-dimensions 
[71]. 
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Contemporary CAD sysrems handle rhe representation of geomerry via numerical values 
and rheir interconnection wirhour consideration for rhe underlying ideas and purposes. 
These have ro be inferred by rhe CAD operaror, guided by rheir observations, knowledge 
and experience [30). This is a common fearure of mosr compurer-based sysrems, which are 
resrricred ro performing rransformarions on information in a solely dererminisric way, 
which is nevenheless exrremely fasr, flexible and versarile [80). 
There are a number of differenr sysrems available, which can be loosely categorised as: 
wireframe modelling sysrems, surface modelling sysrems, solid modelling sysrems and 
hybrid (non-manifold) modelling sysrems in order of rheir evoludonary development [14). 
1.1 Wireframe Modelling Systems 
Wireframe modelling uses characrerisric lines and end-poinrs ro describe rhe shape of 
objecrs. The visual model is rherefore a wire-frame drawing of rhe shape, and rhe associared 
marhemarical model comprises rhe lisr of curve-equarions, co-ordinares of rhe end-poinrs, 
and rhe connecriviry informarion perraining ro each [ 14). Despire irs abiliry ro provide rhe 
user wirh rhree-dimensional shape dara, wireframe modelling is severely limired in rerms of 
visualisation - rhe represenrarion of characrerisric lines is ambiguous and does nor allow, for 
example, for rhe calcularion of mass-propenies. 
1.2 Surface Modelling Systems 
Surface modelling is an evoludonary developmenr of rhe wireframe sysrem; in addirion ro 
rhe characrerisric lines and rheir end-points, the mathematical description includes surface 
data (i.e. the shape data bounded by each surfaces edge curves). This allows for the aesrheric 
evaluarion of the model, as well as the generarion of CAM ourputs (e.g. 'rool-parhs' for use 
downsrream by CNC machines). 
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1.3 Solid & Hybrid Modelling Systems 
Solid modelling systems are used to model a shape having a closed volume, termed a 'solid' 
[14]. Operations may be carried out on the features of the solid object (for example the 
'filleting' of an edge to a specified radius) which are reflected in the model. Hybrid (or 
'non-manifold') modelling systems allow a mixture of surfaces and solids. In such systems, a 
relationship between the number of discernable surfaces that bound a solid object's volume 
is described (the system is able to consider a collection of surfaces as a solid). 
2. Managing Design Data 
Most modern 3D CAD systems are capable of supporting either designs which consist of a 
single component, or a complex assembly with multiple subassemblies [76]. This is a 
significant feature as managing complex assemblies using manual drafting methods or 2D 
CAD systems has traditionally been (and continues to be) an extremely challenging task. 
When products or components are designed within 3D CAD, a vast amount of data (i.e. 
form, shape, position and orientation) is implicitly captured in the 3D model. This is a 
significant benefit, because it allows the designer to focus on the design, without worrying 
about the underlying mathematics or presentation aspects. Chorafas sees CAD as a "way to 
augment the range and depth covered by our brain", and suggests that as processes and 
products become increasingly complex, the human designer simply "cannot handle all the 
derails and integration requirements" [32] in their mind. 
This capability can be of particular benefit to rhe investigation of modifications to a 
standard product, or integration of third-parry components into a design. To varying 
degrees most CAD systems can be used to check fit and function of components. 
Specifically, systems may be used to check for interference in a complex assembly; moving 
parts can be investigated throughout their full range of motion to check for collisions or 
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other design flaws. This ultimately results in higher product and process quality through 
the reduction of errors. 
3. Considering Alternative Designs 
CAD takes advantage of the processing capabilities of computers in order to carry out 
design calculations - because they are done faster with less human effort, more alternative 
cases can be examined in the time available. This allows for the investigation of a number 
of possibilities including alternative materials and processes that could be incorporated to 
lighten the design or reduce manufacturing costs [71). Gott observes that this provides a 
"greater potential for engineering analysis" [75) which results in increased product 
innovation and quality. 
In marine design, for example, it is common to investigate several different engine options 
for a given vessel. Using manual drafting for this purpose is extremely labour intensive, slow 
and inaccurate- in contrast, the CAD approach allows for digital drawings of each engine 
to be downloaded from rhe respective manufacturers' websites, and comparisons to be 
made within minutes. 
4. Communication of Designs 
Hamb/in observes that (to varying degrees) the range of contemporary CAD systems 
available on the marker offer the capability for companies to produce professional grade 
communications in terms of drawings and other CAD outputs in a quick and efficient 
manner [148). Data can be output in a variety of useful formats. For example: Scale 
drawings can be plotted I printed for use on the shop-floor (including full-size or 1: 1 
templates}, CAD files can be sent electronically to suppliers (via email or fax}, images and 
animations can also be produced to assist in the unambiguous communication of designs. 
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Most CAD systems also allow for the export of data in native format {where the data can be 
opened and used by any third-party with the same software) as well as several of the 
'intermediate data exchange' formats (file formats which are common to several different 
software systems). Several of the most popular intermediary formats have been so successful 
that they are now regarded as quasi industry standards - for example, the AutoCAD 
Drawing Interchange Format, or Drawing Exchange Format (DXF) which is relied upon 
across many different sectors for the consistent interchange of 2D CAD data, and the 
Initial Graphics Exchange Specification {IGES) which is a neutral data format which allows 
for consistent interchange of 3D CAD data. 
3D CAD therefore significantly enhances the SMEs ability to communicate design data 
both internally with the workforce and externally with customers and suppliers. 
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Appendix 3 A Brief History of CAD Systems 
CAD systems can be broadly classified as 2D (generation of electronic drawings in a two-
dimensional environment), and 3D (generation of CAD models in a three-dimensional 
environment) in order of their evolutionary development. 
The use of 3D CAD technology within industry is spearheaded by the aerospace and 
automotive sectors. In a report discussing the use of 3D CAD systems in the development 
of the Boeing 777 airliner, Buxton comments that the prototype aircraft's various 
components, many of which were outsourced for manufacture by third-parries, "fit 
together so precisely (largely due to the use of CAD/CAM techniques from 10 years ago) 
that the number of discrepancies needing redesign was substantially less than what had 
appeared to be an extremely optimistic early prediction. Rather than the multiple mock-ups 
needed for previous models, the 777 manufacturing mock-up flew as part of the flight 
certification process. Similar stories exist in the automotive and other industries" [86]. 
CAD emerged as one of the first computer graphics applications in both academia and 
industry [86] in the early 1960's, and has developed rapidly over the last twenty years [30]. 
Early developments in the field included applications such as 'Sketch pad' (Ivan Sutherland, 
Massachusetts Institute of Technology) and DAC-1 (General Motors) [86]. which were the 
first competent and commercially viable CAD solutions. 
Buxton observes that the automotive and aerospace industries led the development of their 
own CAD applications throughout the late 1960's I early 1970's [86]. These were delivered 
on complex multi-user mainframe computers. The 1980's saw the emergence of 'turnkey' 
CAD systems comprising bundled hardware and software, designed to deliver a 
comprehensive computer-based design solution [86]. Contemporary 'mainstream' CAD 
systems comprise powerful software applications which can be run on a variety of different 
hardware configurations; including desktop PC's. 
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CAD's primary function is eo describe che geomerry of produces or componencs, including 
che provision of rechnical informacion percaining eo cheir manufaccure. For many years, che 
engineering drawing was che only accepred means of conveying chis informadon eo rhe 
workshop. As companies began eo exchange engineering drawings wich each orher ir 
became necessary eo agree on a common, unambiguous means of represencing che 
geomerric dara conrained in che drawings. Various srandards rhus emerged [71]. 
The purpose of che engineering drawing is cherefore eo communicare, as efficiendy as 
possible, rechnical informarion relating eo rhe produce or componenc which can be used eo 
assise irs manufaccure. There has been a historical crend amongsr design engineers, as 
observed by Medland: "eo behave as if che drawing were che end produce of che design 
process. As a resuh ... far coo much emphasis is placed on che sryle of rhe drawing rarher 
rhan on how efficiendy and effectively ic conveys che necessary engineering informarion" 
[71]. Drawing office procedures are cherefore required eo regulace che design process (wich 
respecr eo che producrion of drawings) and ensure char all relevanr informacion relaring eo 
rhe produce or componenc is communicared clearly and unambiguously [71]. 
Drawings are limiced as a communicarion medium. In che same way char CAD sysrems 
assise che designer wich rhe developmenc of a produce or componenc wirhouc providing any 
cognirive inpur, manufacruring drawings provide che geomecric derails of a single chosen 
embodimenc of che designer's original concepr, wichour explicidy conveying irs funcrion. 
None of che ideas behind che design are direcdy presenced - if ir is necessary eo discover che 
purpose or role of che objecr, chis will have eo be deduced from ics feacures and che way in 
which rhey are relaced eo each orher or eo feacures of ocher objeccs [71]. 
Engineering drawings are cherefore only semi-picrorial represencations of produces or 
componencs, and are nor incended eo convey an exacr visual impression (71]. The rwo-
dimensional views which are developed for che engineering drawing are represencarions of a 
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three-dimensional object. How these views are laid out on the engineering drawing is 
dictated by convention and various applicable standards [71]. Manual drafting techniques 
have popularised the approach of a three-view construction (front, profile and plan) in 
order to provide the clearest interpretation of an object which exists only in his I her mind. 
Early 2D CAD systems offered the ability for draftsmen to develop drawings electronically. 
These systems greatly increased the speed at which drawings could be produced, as well as 
the accuracy of the information contained therein. The drafting process itself remained 
largely unaffected; drawings were developed in a similar manner to those produced using 
manual techniques, albeit more quickly. 
Medland acknowledges that with the advent of 3D CAD, it has become possible to reverse 
the way in which drawings develop: two-dimensional views can be derived from a three-
dimensional model (71]. The CAD model provides the true-representation of the object, 
and the views, from any chosen position, can be selected to provide the best display of those 
features which are relevant to any particular purpose. 
The role of the engineering drawing has therefore changed. Medland notes that drawings 
no longer provide the primary product definition; they now serve to translate the definition 
'captured' within the CAD system via the transfer of "discrete parcels" [71] of process-
specific information to downstream manufacturing operations. Despite this, he observes 
that many manufacturing organisations are still producing drawings to 'conventional' 
specifications, although those who have begun to explore the wider possibilities in this area 
have reported "spectacular productivity gains". 
It is commonly suggested by 3D CAD software vendors that the very concept of dedicated 
2D CAD has been superseded, and that continuing to use manual drafting techniques or 
2D CAD "puts any business involved in mechanical design, engineering or manufacturing 
at a disadvantage to their competition" [76]. 
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In the long-term, it seems plausible that the engineering drawing may be at some point 
completely superseded. Medland categorically states that "this will not be the case" [71], 
arguing that although the form may change, it will continue to perform an important role 
in communicating information about the design to those involved in the manufacturing 
process (even if there is no reliance on the information for the process i.e. all manufacturing 
is via CAM). 
In the same way that the CAD system needs to be able to define product geometry, but not 
necessarily to understand its role or function, the engineering drawing needs to be able to 
communicate only that information relevant to the manufacture of the product, non-
essential detail simply adds unnecessary complexity to the product cycle. Thus, with the 
emergence of powerful CAD systems, which are accessible to the SME, the potential for 
innovative approaches to design communication throughout the product cycle has 
increased. 
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Appendix 4 Recommended Information Sources for L TESMEs 
The following organisations are recommended for the provision of general assistance and 
information to LTESMEs involved in the implementation of AMTs: 
Government Sources 
Confederation of British Industry (CBI) 
Department for Trade & Industry (DTI) 
Institute of Directors (IOD) 
Business Link Network 
Home Office 
Companies House 
Europa- European Union 
The Small Business Service 
Foresight 
Local Government Association 
N ational Statistics 
Government Information & Services 
Training and Enterprise Councils 
Health & Safery Executive 
HM Treasury 
UK Parliament 
Office for Science & Technology 
Inland Revenue 
BERR Innovation Unit 
UK Patent Office 
Council for Industry & Higher Education 
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www.cbi.org. uk 
www.cl ti.gov.uk 
WvV'vv.iod .com 
www. busi nesslink. gov. uk 
W\V'vV.homeoffice.gov.uk 
www .compan ies-hou~e. gO\·.u k 
www.europa.eu.tnt 
www.sbs.gov.uk 
www.foresighr.gov.uk 
www.lg,Lgov.uk 
www.statistics.gov.uk 
WvV'vV.direcr.gov.uk 
www. rec.co. uk 
www.hse.gov.uk 
www.rreasury.gov.uk 
www.parliamenr.uk 
WvV'vv.ost.gov. uk 
W\V'vV. inland revenue.gov. uk 
W\V'vV.innovarion.gov.uk 
www.p.uenr.gov.uk 
www.cihe-uk.com 
EC Commission 
EU Framework Programme 
Department for Business, Enterprise and Regulatory Reform 
Engineering and Physical Sciences Research Council 
Department for Innovation, Universities & Skills 
Other Sources 
www.europa.eu.int 
www.cord is.lu 
www.berr.gov.uk 
www.epsrc.ac.uk 
www.dius.gov.uk 
British Standards Institution (BSI) www.bsi-global.com 
Small Business Group W\VW. mallbusinessgroup.org.uk 
Small Business Europe www.smallbusinesseurope.org 
Growing Business Awards W\Vw.growingbusinessawards.co.uk 
Investors in People W\vw.iipuk.co.uk 
Queen's Awards for Enterprise www.queensawards.org.uk 
Small Business Journey www.smallbusincssjourney.com 
BSI small business website www.standardswork.co.uk 
Design Council W\Vw.designcounci l.org.uk 
Innovation Exchange iexchange. london.edu 
United Kingdom Accreditation Service W\vw.ukas.com 
International Organisation for Standardisation W\vw.iso.org 
European Committee for Standardisation www.ccnorm.be 
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Appendix 5 Product-Derived Constraints within Design Processes 
Design processes vary between organisations, depending upon the types of product being 
manufactured. In this sense, 'product types' can be classified (in the simplest possible 
manner) into two distinct groups: those which are technically over-constrained, and those 
which are under-consrrained [30]. 
Medland observes that over-constrained products tend to exist in the high-technology 
markets. A prime example of an over-consrrained design situation is the development of an 
aircraft structure. The preferred solution for a component design here would be one that 
had zero mass, and infinite strength; as neither is achievable (or should be attempted at the 
expense of the other) an over-constrained system exists [30]. He notes that the over-
constrained design process thus revolves around the analysis of a range of alternative 
proposals, until the correct (or most acceptable) compromise is found, and that by their 
very nature, over-consrrained design situations lead to the development of analytical 
techniques to solve them. 
Medland also observes that under-constrained products tend to exist in 'ideas-centred' or 
'skills-centred' markets (where company activities are centred on bringing products out 
simply to satisfy market demands). An example of an under-constrained design situation is 
the development of an office chair. The preferred solution for a component design here is 
not immediately obvious, and there is a large variety in the range of conceptual designs that 
could satisfy the specification. A number of factors such as aesthetic character, ergonomics, 
weight, comfort, durability, ease of manufacture and many others need to be considered in 
evaluating the design. Somewhat inevitably, the under-constrained design process tends to 
revolve around manufacturing capability. Thus, by their very nature, under-constrained 
design situations lead to the development of communication links with the manufacturing 
function to solve them [30]. 
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Medland claims that at present, there are very few CAD products which can significantly 
aid and improve the ideas-centred (under-constrained) design process [30], but this is a 
vague observation. He is perhaps suggesting that CAD is a technology lending itself to the 
resolution of well-defined and understood constraints. However, CAD also offers immense 
capabiliry to those involved in the free-form 'organic' design of products in the under-
constrained design process, delivering improvements in a number of areas including speed, 
accuracy and visualisation. 
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Appendix 6 Parametric I Non-Parametric 3D CAD Systems 
CAD software can be classified further still into two groups: systems that are 'parametric' 
and 'non-parametric'. Parametric modellers use rhe concept of 'design intent' ro develop 
models of products and components according to their function. Objects and features 
created within parametric systems are numerically controllable. This can facilitate the rapid 
modification of designs (although the potential for modification is limited in its scope by 
the 'design intent' with which the model was created). Despite their obvious potential, 
£1/iot observes that parametric modellers are not necessarily superior to non-parametric 
modellers for a given application [149), providing two 'obvious reasons' for rhis: 
I. Generally, CAD operators need to be familiar wirh the historical content of a given 
CAD flle in order ro benefit from ir. In a small company with a limited design ream 
rhis may pose no obstacle, as the original CAD operator (who is familiar with the 
history) can be used ro manipulate his I her design. A problem becomes apparent 
when the original designer moves on in rheir career and leaves the company unable 
to amend a critical design issue by its history [149]. 
2. Parametric modellers excel where there is predictability in design intent (for 
example the design of a range of shoes in standard UK shoe sizes). Provided the 
design intent is well conceived, and religiously adhered ro throughout the design 
process, a set of parametric 'rules' can be established ro cater for logical variations ro 
a design within rhe constraints of those rules governing design intent. However, 
practical experience shows that more often than nor, design i nrent is rarely that well 
conceived ar rhe outset of a 'creative' design process. If ir were, rhe process would 
nor be rhar creative, ir would simply be engineering [149). 
Therefore parametric modellers tend to be used in engineering applications and non-
parametric 'free-form' modellers rend to be used in creative design. 
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Variations in design intent are natural throughout the evolutionary design process. In the 
case of a boat, for example, it would not be unusual for a customer to decide (perhaps fairly 
late in the design process) that they don't really need the large capacity offered by the 
proposed fuel tank design, and that a smaller tank, which reduces the overall weight of the 
boat and increases the storage capacity of the hold within which it is located would be 
better suited to their needs. The draughtsman may find a last minute alteration such as this 
an unwelcome burden, but there is little technical challenge in implementing the design 
revision; this would also be the case if the boat had been designed in a free-form surface 
modeller. However, if this change in design intent had not been anticipated in the early 
stages of a parametric design process, the prospect of modifying the fuel tank geometry may 
actually involve the re-modelling of the surrounding geometry, or in the most extreme case 
the entire craft. 
Parametric modellers are therefore of limited value in design scenarios where there are likely 
to be significant departures from the original design intent (particularly when these are late 
in the design process). The design of bespoke, non-production or low-volume boats is one 
such scenario. Short-run designs are intrinsically unique; they rarely contain modular 
features or components that are re-used in other designs, and so the value of a 
parametrically constrained assembly model tends to diminish. 
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Appendix 7 Reverse-Engineering Aspects of the Case Study Implementation 
The ability to reverse-engineer existing geometry and design information from a real 
component into accurate 3D CAD data is a fundamental requirement for any organisation 
implementing the technology for both new and existing designs. 
Kingfisher has a large product range and therefore a high number of individual mould 
tools. Many of these have been built to manufacturing drawings but some have inevitably 
been constructed to a verbal and undocumented specification. 
It was therefore necessary to review the range of exisring data, which included legacy CAD 
drawings (from several different sources) which had been retained by the company on disc 
following various contracts involving external Naval Architects, as well as a large archive of 
hand-drawn paper plans and hard-copy CAD plots. 
Existing manufacturing drawings assisted the reverse-engineering process to some extent; 
providing easily understood information which could be used to facilitate the rapid 
construction of CAD geometry. 
For example, one of the most significant CAD projects was the reverse-engineering of the 
Fast Catch hull form, which was the first step in the development of the Sport Explorer 
concept within the 3D CAD system. It was crucial that the hull data represented the 
geometry of the real mould tool as accurately as possible. 
There were two sources of existing design data: firstly the original hand drafted hull lines 
(in the form of a lines plan I manufacturing drawing) and secondly some subsequently 
produced 2D CAD data, which was a product of reverse engineering by one of the external 
Naval Architects working with the company. 
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An initial attempt was made to resolve the existing 20 CAD data within the 30 system, by 
orienting the respective views of the hull in each of the 'construction planes' within Rhino. 
It was immediately apparent that the views would not resolve in 30, posing a significant 
problem: either disregard the data, or assume the significance of one particular view over 
the others - neither of which is a particularly attractive option. 
The implications were that a design developed solely from the existing CAD data would be 
possible bur inherently inaccurate. It is interesting to observe that with the 20 system, the 
same data had been used successfully throughout the design and production of many tens 
of vessels. 
Reverse-engineering seems to call into question the validity of existing information, despite 
the fact that the same information is used successfully to manufacture products. The 
process itself was found to be extremely laborious and generally difficult for the operator -
demanding judgement to achieve compromise between conflicting sets of data. 
Fundamentally, the difficulties encountered with reverse engineering at Kingfisher are 
related to the tolerances of the information, and the associated systems and processes. 
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